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NICKEL ALLOYED CAST IRONS can be specified to assure a dense, uniform 
structure of high hardness for wear-resistance, and with weil dispersed graphitic 
areas for good anti-frictional properties as well as ready machinability. 








How NICKEL CAST IRONS help machine tool users 


told down Production Costs 


SCORING and WEAR in machine tools cause dimen- Nickel in cast iron lowers the critical transformat 


sional changes that make accuracy and output fall 
sharply. Then, unit production costs rise... 


Solve this problem by using nickel cast iron for 
induction-hardened and flame-hardened parts of your 
products or equipment. 


Records show that nickel cast iron parts make it 
possible for tools to retain their initial accuracy much 
longer than would similar castings of plain iron. The 
Hendey 16” x 54” Toolroom Lathe, shown above, is 
but one of scores of examples. 


The Hendey Machine Company, Torrington, Con- 
necticut, found the induction method best for lathe 
bed ways that must retain accuracy. Their engineers 
specify a 114 per cent nickel alloy cast iron, induction- 
hardened to provide a minimum reading of 70 on the 
Shore scleroscope (about 500 BHN ). Distortion never 
exceeds 0.012” in a 6-foot length of this nickel cast 
iron, and the depth of the hardened skin runs as high 
as 3/32”. 


range, thus promoting greater depth of hardness than 
in plain iron, and minimizing distortion. Mor: 
there is gradual blending of the hardened layer 

the softer pearlitic interior whereas in unalloyed 
the transition zone is apt to be completely grap! 

and hence extremely weak. 


Consult us on the use of aickel alloyed iro: 
meet your casting requirements. Send us deta 
your problems today. 


Over the years, International Nickel has accumulated a fund 

information on the properties, treatment, fabrication and pert : 

of engineering alloy steels, stainless steels, cast irons, brasses ‘ Public 
nickel silver, cupro-nickel and other alloys containing Nick ay 
information is yours for the asking. Write for “List A” of 
publications. 
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Mallory Vibrators 


Roll Up Big Savings... 
Protect Customer Good Will! 


Reducing component parts costs—and at the same time, 


MALLORY 
VIBRATORS 


improving performance—is a welcome combination! The 


Mallory Vibrators are based on “y: rs 
: ; economy and dependability of Mallory Vibrators have made 
exclusive design and manufac- important contributions of this kind for Mallory customers. 


turing methods that assure long, 
Here’s just one example! A radio manufacturer was receiv- 


trouble-free service. Send the ing serious field complaints on vibrator performance. The 
details of your application. Get substitution of two Mallory Vibrators—one a standard type, 
and the other especially designed for his problem—not only 
eliminated the difficulty but saved the customer $30,000 in 


vibrator costs alone! And the changes were accomplished 


Mallory’s recommendation on 
the Vibrator or Vibrapack* 
power supply best suited to 


with virtually no modification in circuit designs. 
your needs. } 


That’s service beyond the sale! 
And whether your problem is electronic or metallurgical 
what Mallory has done for others can be done for you. 


Vibrators and Vibrapack* Power Supplies 





SERVING INDUSTRY WITH 
P.R.MALLORY & CO. inc: } : / Capacitors Contacts 


Controls Resistors 
Rectifiers Vibrators 


Special Power 
Switches Supplies 


Resistance Welding Materials 





MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA *Reg. U.S. Pat. Off. 
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TopAY THERE APPEARS TO BE an abundant supply 


of “engineers.’’ Almost any 1950 engineering grad 
uate will claim there is an oversupply 

According to figures furnished by the Ofhce of 
Scientific Personnel of the National Research Council, 
the postwar spurt in college enrollments about bal 
ances the wartime losses 


of Ph.D degrees But 


The same will soon be true 
numbers alone do not tell 
the whole story 

Less than 5 


percent of those graduating with a 





Bachelor's degree have an I1.Q. of 141 or better 





This 1.Q. figure is about the median for those hold 





ing a Doctor’s degree. Less than 35 percent of the 






Bachelor degree graduates have an I.Q. of 125 or 


higher. Half of them have an I.Q. of less than 119 


A high 


125 is rated as good 





and one-fourth of them fall below 114 







school graduate with an 1.Q. of 
college material 
The foregoing explains why the 


, ) 
lowest 2) pe r 


cent of our engineering college graduates and many 





) 


in the next discounted in 





5 percent can be largely 





so far as responsible engine design jobs are 


Because | QO 


cring 





concerned ratings are not usually con 





sidered when hiring college graduates, many eng! 







neering design departments are cluttered with young 
college graduates who are hopeless to advance. Such 
men often stand im the way of a deserving, qualified 


graduate getting 





and promising new enginecring 






a job 

But there is a place for the graduate ‘engineers 
who do not have the necessary abilities to develop as 
As pointed out by Mr. H. L. Ratchford 


Product 


Editor presented on another page, there ts 
t I 





designe rs 





of Sylvania Electric Inc., in 








more engineers as foremen and supervisors in 





dustry is requiring more fundamental know-how o 


engineering more and better engineering control 






is paramount all along the line To fill such posi 


tions does not require men who are ex eptional in 


Are There Too Many Engineers? 


mathematics, physics, chemistry and related subjects 

Both colleges and business should distinguish be 
tween men who give promise of acquiring, or who 
have, merely an understanding of engineering and 
technical know-how and those men of high 1.Q. and 
training who are, or will be, capable of handling 
and solving advanced fundamental scientific and eng 
neering problems. In the former group belong the 
men who can qualify as sales engineers and produc 
tion 


supervisors In the latter group belong those 


to whom industry must look for the solutions ot 


screntinc and technical problems, design develo 
and the creation of new products 
: ' 
Some colleges and universities have recognize 


that many of the young men seeking engineering de 


_ 
grees have qualific ations for supervisory and manage 


ment positions but are unable to master mathematics 
ind physics sufficiently to qualify as design engineers 
Hence, the courses called “Indust: Engineering 
Management Engineering’, and by other names. A 
similar recognition that there is another large g 
of s jents that sho 1 is ( ¢ s ¢ 
than supervisor or productio nanager would be 

g step in raising € « \ creasing 


quantity of the mechanical at 


ene 
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( his self-sealed ball bearing, one of the 


earlier types originated by New Departure, 
was removed and examined in the twentieth 
year of its service in a grinder. No appre- 
ciable wear had occurred and the internal 
fit-up was still wel] within the tolerances of 


a new bearing. 


While this is eminently satisfactory, but not 
unusual service, it points up the significant 
fact that for assured performance, for the 
ability to eliminate periodic adjustments and 
to reduce lubricating or other maintenance 
te the simplest pessible terms, the ball bear- 
ing is outstanding. 


Family.... 


It was full knowledge of the distinctive ad- 
vantages of the ball bearing that led New 
Departure to pioneer and develop the self- 
sealed bearing, including many lubricated- 
for-life types, some of which are illustrated 


at each side. 


This hard worked “Granddaddy”, progenitor 
of a famous family, thus started a trend that 
has required New Departure to produce 
more than 159 million self-sealed ball bear- 
ings to date. 


Data covering ball bearing dimensions, ap- 
plication, lubrication and other subjects 


gladly sent upon request. 


NEW DEPARTURE BALL BEARINGS 


NEW DEPARTURE Division of GENERAL MOTORS CORPORATION BRISTOL, CONNECTICUT BRANCHES IN ALL PRINCIPAL Cl’ 
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Fig. 1— Centrifugal pump test floor at Allis-Chalmers is designed to achieve low costs in testing; 


accurate test results; 


and maximum efficiency in use of personnel, equipment, 


and floor space 


Modernized Testing Facilities 
Reduce the Cost of Pumps 


Special Engineer, 


[TESTING THE PERFORMANCE of a 
product is often required to check or 
erify the fulfillment of engineering 
specifications. In addition, testing is 
lesirable when test results yield data 
that can be used to develop and im- 
prove design. But testing costs must 
¢ included in the cost of the product. 
In any cost-cutting program, therefore, 
he cost of testing should receive as 


Propuct 
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LLOYD M. DINGS, JR. 


Allis-Chalmers Manufacturing 


much consideration as the cost 
terials, parts, and manufacturin; 

Alt hough frequently thought of as 
a shop operation, rocedure is 
closely associated with engineering ob- 
jectives and the demands of customers 
These objectives and demands deter- 
mine in a large measure the capital 
investment in plant and equipment 
needed for testing and the cost 


test P 


1950 


onnel 

carrying 
den on 
product 


cost 
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ization in test procedure, many little 
used items of test equipment, and in- 
efficient use of floor space were re- 
sponsible for high testing costs 

Following a decision to achieve 
lower costs, a completely new pump 
test floor was planned to obtain three 
objectives: (1) Reduced test costs, 
(2) improved accuracy in test results, 
and (3) maximum effhicien: y in use of 
personnel, equipment, and floor space 

The outcome was a new modernized 
testing laboratory, Fig. 1, which was 
occupied and put into use early in 
1949. The results have fully justified 
the study and effort spent in planning. 
lo date, the labor costs of testing 
pumps have been reduced by 50 per 
cent, human error in obtaining data is 
no longer of consequence, and test 
facilities are installed safely in a 
limited floor area. 

In this laboratory, pumps are tested 


accurate data none was entirely suit- 
able for industrial testing. 

The second step in planning was to 
study the newest types of test equip- 
ment for their suitability in meeting 
the stated objectives. This survey in- 
dicated that by adopting or modifying 
some of the new types, and by design- 
ing some that were not available, the 
objectives could be met. 


Capacity Measurement 


Volume-rate of pump discharge for- 
merly was measured at Allis-Chalmers 
with weirs, which because of their 
long approach flumes required con- 
siderable floor space. 

Venturi meters were studied as a 
possible replacement for weirs. But 
further analysis indicated that Venturi 
meters were cost!y, difficult to read 


/ 


accurately, and required complicated 
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Fig. 2—New test for measuring pump discharge setup enables the operator to deter. 
mine the time required to pump a known weight of water by merely pushing a button. 


to determine their operating charac- 
teristics and to obtain reference file 
data for further engineering develop- 
ment. Pumps are tested to determine 
capacity, suction lift, discharge head, 
efhciency, and horsepower required at 
rated speeds. 

In planning the new test floor, a sur- 
vey was conducted to learn of new 
methods that would yield the needed 
data in the shortest possible time. 

A survey of industrial laboratories 
revealed that the recent developments 
in pump testing were usually variations 
of old methods. A few college labora- 
tories were using some promising tech- 
niques, however, since these required 
considerable time to set up to obtain 
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pipe setups. In addition, a large 
amount of assorted sizes of pipe would 
be needed to make test connections 
Time and labor costs of pipe fitting for 
test would also be high. Although ini 
tially a plan to use flow meters seemed 
promising, it was also abandoned. The 
difficulty in obtaining accurate read- 
ings because of “bouncing” of the in- 
strument scale made it doubtful as to 
whether the laboratory should depend 
upon this type of instrument. The 
many sizes and types of pumps built, 
moreover, would add to the inventory 
problem. 

Some laboratories and a few manu- 
facturers had installations in which the 
weight of liquid is measured on scales. 


One type discharges water trom 
pump into a scale tank. The weigh: of 
water pumped in a measured 
gives the pump capacity. But this 
tem is complicated and awkward w 
used for large sizes and many vari 
of pumps, principally because oi 
necessity to divert the stream of w 
from the tank after the elapsed 
However satisfactory such systems 
for small installations, divertin 
large stream of water requires 
much complicated equipment to n 
it entirely satisfactory for large 
stallations. 

The final solution for measuri 
pump discharge was found in anot! 
field. In testing internal combustion 
engines, to measure fuel consumpt 
the time required to pump a give: 
amount of fuel from a scale tank 
measured. In this setup a photo-ele 
tric cell and a light source are mounted 
on the face of a standard type dia 
scale. Two hands, or paddles, ar: 
fastened to the scale pointer shaft. Th: 
angular distance between the paddles 
is set to represent the weight of fuel 
to be consumed. As the weight of fuc 
in the scale tank decreases, the firs 
paddle interrupts the light source and 
starts an electric timer. When th 
assigned arbitrary weight of fuel is 
consumed the second paddle turns into 
position, interrupts the light source 
again and causes the timer to stop 
The method of measurement is ex 
tremely accurate, and an adaption oi 
it was studied to solve the problem of 
selecting the best equipment to use in 
measuring accurately pump discharge 

For testing large capacity pumps 
water would have to be pumped int 
the weigh tank, instead of out of it 
in the fuel consumption tests. Be 
a pump must be kept in contin 
operation during test, there aré 
alternatives as to the disposition of the 
water discharged by the pump: (1 
The discharge could be directed int 
the weigh tank long enough to | 
the test weight of water, and 
diverted back into the suction pit 
or the water could flow throug! 
weigh tank continuously and a n 
provided to close the tank long er 
to weigh the required amount of v 
Since diverting a large stream of 
would require a costly mechanisn 
would also create a serious splash 
lem, the latter alternative was ad 


Designing 
The New Setup 


From a survéy of sizes and 
of pumps built and sold, it w 
cided that three separate test 
were required; one for pumps 
5,000 gpm and two for pumps 
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1,500 gpm. The weigh tanks were de 
signed so that the length of time re- 
quired to fill the tanks at the maxi- 

num design discharge capacity was 30 
seconds. Thus the tank capacities were 
2,500 and 750 gal respectively. The 
weigh tanks were fitted with dump 
valves to drain off the pump discharge 
into the pits when not taking a test 
point. The dump valves were of sufh 
cient capacity to empty the weigh tanks 
at full pump discharge. 

To prevent any whirling effects dur 
ing drainage, three valves were placed 
in the bottom of each tank. Calcula 
tions indicated that three 12 in. valves 
on the large tank and three 10 in 
valves on the small tanks would have 
sufficient capacity 

A new type of dump valve was de- 
signed to obtain simple and automati 
remote control. The body of the new 
valve is a short length of pipe fastened 
to the bottom of the tank. The lower 
end of the pipe forms a seat against 
which a plate disk is pressed by an air 
ylinder to stop flow. The electronic 
scale circuit controls the valves 

The new test set up, Fig. 2, as modi- 
fied from the system used to measure 
the fuel consumption of internal com- 
bustion engines operates as follows 
when testing pumps. Assume that 
water is constantly being discharged 
into the weigh tank with the dump 
valves open. The operator pushes a 
momentary contact button switch in 
the control room; thus energizing a 
holding relay and a pilot operated 
solenoid valve. The solenoid valve 
causes the air cylinders to close the 
dump valves. When the weight of 
water pumped into the tank reaches the 
tare weight, the first paddle on ths 
scale dial interrupts the photo-electric 
cell light source to start an electric 
timer. When the weight of water 
pumped into the tank reaches the tare 
weight plus the test weight, the next 
paddle interrupts the light source to 
stop the timer and open the dump 
valves. Thus, merely by pushing a but 
ton the operator can determine the 
time required to pump a known weight 
of water 

Since the pumps tested cover a wide 
range of capacities, more than one test 
weight is required to obtain nearly 
uniform test times. The large scale is 
designed for two test weights and the 
small scales for three. Since a scale 
paddle is required for the tare weight 
and each test weight a counter is 
needed in the electronic circuit. 

The electronic counter counts the 
impulses created by the interruption of 
the photo cell circuit. When it has 
ounted the number of paddles for 
which it is set, the counter de-energizes 
he scale circuit, thus stopping the 
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timer and opening the dump valves 
The downward thrust of the water 
being pumped into the weigh tank is 
received by a funnel suspended over 
the weigh tank from an independent 
structure. In the small end of the fun- 
nel is mounted a horizontal baffle 
The falling water strikes the baffle and 
is deflected horizontally before falling 
into the weigh tank. Thus the down 
ward thrust of the water is absorbed 
without affecting the scale reading 
This arrangement also affords some 
latitude in positioning the pump dis 
charge pipe into large end of funnel 


Power Input 
Measurement 


Before adopting the new procedure 
most of the pumps tested were driven 
by a calibrated electric motor 
inventory of 


A large calibrated 





ing the pumps and measuring horse 
power was also an expensive proce 
dure; in addition, the apparatus occu- 
pied too much floor space 

In planning the new laboratory 
some study was given to the use of a 
Torquemeter for measuring 
input The lorquemeter 


offered several advantages. It 


power 
use Of a 
P ovides 
the basic measurement in foot pounds 


it is a small compact unit; it can b 
used over a wide range of speed; and 
its readings can be recorded easils 
To realize the inherent Torquemet 

accuracy of 1/3 to 1 percent fro 
1/3 to full scale readin the oto 
speed must be measured ately 
and a standard tachometer g itor oO 
such accuracy was not available \ 
tachometer unit, moreover, would 
make a gear shifting arrangement 
necessary because of the variable speed 
equirements The entire s} ed record 


Fig. 3—Unit for measuring power input. Coupling on motor side incorporates fre 


quency generator disks. The torque pickup is suspended between the bearing pedestals 


motors was required to suit the horse 
power and speed requirements of 
many different pumps. Before testing 
each pump was aligned and couple: 
with a motor, on a set of parallels. Th 
motor was then connected to a sourcs 
of power by cables laid over the floo: 
Power input was measured h a 
wattmeter. Frequently it was necessar\ 
to use a potential or a current trans 
former in the circuit. Motor speed was 
measured with a tachometer. In addi 
tion to the costly inventory of motors, 
and a condition on the test floor tha 
was somewhat dangerous, much time 
and labor was spent 
the test. 

The use of dynamometers 


with 


in setting up to 
for driv 
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Fig Calibration beam and test weights arranged to calibrate torque pickups in 


place on the test 


ewe 7 
cs 


4 


Fig. 5 


; : . 
stancs in system for measuring power input to pump under test 


All test readings are recorded and controlled in one central room. The trans- 


fer panel at the right contains the operating controls for the scales and the emergency 
stop buttons for the test motors. Data from any test stand can be read at either panel. 


synchronous speed. The signal from 
an extremely accurate tuning fork hav 
ing a frequency of 180 cps, is beat 
against the frequency from the gen- 
erator on the torque pickup coupling. 
The motor, of course, drops below syn- 
chronous speed when it is loaded; 
therefore, the frequency generated is 
slightly less than 180 cps. The differ- 
ence in frequency is read on a 20 to 
30 cycle recording frequency meter and 
the converted to revolutions per 
minute. An accuracy of 1 in 3,600 
rpm is obtained with the unit. 

To achieve the strict alignment re- 


quirements imposed for the torque 


88 


pickups (0.003 in. max runout), spe- 
cial torque pickup bearing pedestals 
were designed. The pickup is sus- 
pended between two bearing pedestals, 
each of which has a double high preci- 
sion, labyrinth seal ball bearing. On 
each end of the torque pickup is a 
special pin and bushing coupling. An 
end clearance of approximately 0.010 
in. is provided for the pickup to float 
within the couplings. One coupling 
incorporates the frequency generator 
disks. This construction reduces the 
amount of attention that must be given 
to pump and motor alignment, and 
also limits the force on the pickup to 


pure torsion. The friction losses 
countered are small and easily 
celled out. 

The torque pickups are calibrated 
place on the test stands by means 
calibration beam and 
weights. After more than seven mont 
of daily use it has not been necess 
to readjust the torque pickup. 

This system of power measureme 
has proven satisfactory, and makes 
possible to record the test values 
strip-type chart recorders on a cent 
control panel. 


accurate 


Test Stands 


Though the new methods adopted 
for obtaining pump capacity 
power measurements did provide son 
time and labor savings, the 
cost reduction possibilities were in set 
ting up of a pump for test. Previously 
standard pin and bushing couplin 
had to be keyed on the pump shaft 
[he pump and motor had to 
blocked and shimmed on parallels t 
get correct coupling alignment. Motor 
had to be wired for each test. Pi; 
fittings had to be bolted. Piping ofter 
had to be made up especially for a t 
Heavy piping had to be blocked 
avoid overloading the pump flanges 

To make these operations unne< 
sary, hydraulically-operated permanent 
test fixtures were designed to coup! 
the pumps to the test motors. Eac 
fixture consists of a set of ways, upot 
which a movable table carries the t 
motor and the torque pickup bearin, 
assembly. This unit can be move 
horizontally by a screw turned by 
hydraulic motor. The torque coupli: 
can be inched ahead for final coupling 
or it can be moved rapidly in travers 
The pump resting on parallels 
bolted to a table, which is supp ":ed | 
an 18 in. dia hydraulic cylinder. Wi 
this arrangement, the pump can 
raised, lowered and rotated to align t 
two coupling halves. Thus in a fr 
tion of the time required by the 
methods, one operator can now al 
a motor and pump by merely operat 
hydraulic controls. 

Safety limit switches are so arrang 
that if the piston of the hydra 
cylinder should settle, or any of 
fixture clamps release, the test mot 
automatically stopped. 

The use of tapered split bushings 
the test couplings enables q 
adaptation of one coupling to vari 
shaft sizes. The couplings are faster 
to the shafts with an Allen wret 
This coupling makes unnecessary 
need for shimming couplings and 
driving them off with a soft ham 

On two of the test stands the mo 
and their wiring are permanent 
the third stand, one of two mo 


preat 
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; needed to give the required driving 
need. Even though exchanging the 
notors involves changing 21 leads, the 
hangeover is made in 5 minutes or 
ss by using quick clamping con- 
rectors 

To avoid the costly piping arrange- 
nent used in the past, permanent pip- 
ng and adapters were designed. One 
12 in. discharge pipe with gate valve 
ittached is suspended, from a special 
cantilever bridge crane, over each test 
stand and weigh tank. Pumps are con 
nected to the permanent discharge pipe 
by aluminum adapters with U-clamps 
All suction pipe is fabricated of alumi- 
num to reduce the weight on the pump 
flanges and to increase the ease of 
handling. 

Water seal, gage, and priming lines 
are connected to the pump by self-seal- 








ing couplings. The prime advantages 
of these units are speed and ease of 
connection, also they can be closed off 


to prevent escape of water or air. 


Control Room 

The new pump test facility is rather 
unique in another respect. All test 
readings are recorded and controlled in 
one central control room, rather than 
being obtained from widely scattered 
test reading points. 

The control unit, Fig. 5, comprises 
three sections, two identical recording 
control consoles and a transfer panel 
Each recording panel has a 0 to 120, 0 
to 250 and 0 to 500 ft pressure gage, a 
0 to 30 ft vacuum gage, a 20-30 cycle 
frequency recorder for motor speed 
and a torque recorder. The transfe: 
panel enables the operator to transfer 





+} 


test readings from any one ot 


three test stands to either recording 
" | 
panel | 
the operating controls for the scales, 


and the emergency stop 


The transfer panel also contains 


buttons for 
test motors 

t 
erated from the control office ts the 


changing of the discharge valve open 


The only portion of the test not op 


ing. Since it is necessary to station an 


operator at the test stand for checking 
the mechanical operation of the pump 
it was felt that he might as well op 
erate the valve when necessary. This 


arrangement enabled great savings in 


cost by not using motorized valves 

Since all data are recorded, a 
manent record is established from 
Its can be studied at any 


design development 


which test res 
time during 


projects 












RECENT REPORTS INDICATE that great 
strides are being made to put powder 
metallurgy on a commercial production 
basis. Significant progress is evident in 
the design of dies, presses and the pro- 
duction of special powders, all of 
which contribute to the reduction of 
production costs. 

In some lines, such as oilless bear- 
ings and cemented carbide parts, metal 
powders have already proved commer- 
cially successful. Now the range of ap- 
plications has been greatly broadened. 
New uses include such parts as bear- 
ings, bearing plates, odd shaped gears, 
clutches, ratchets and cams. Specialized 
powders combine copper with steel so 
that the copper melts when the steel is 
shaped to produce a self-brazing part; 
lead in copper to provide bearing prop- 
erties; copper with carbon for brushes 

the copper for conductivity and the 
carbon for an antifriction medium; 
and silver with tungsten in contact 
points—the silver for conductivity and 
the tungsten for heat and wear resist- 
ance. Various mixtures of copper, tin, 
iron, lead, graphite and silica are also 
being used to produce heavy-duty fric- 
tion materials. 

The Vanadium-Alloy Steel Company 
is concentrating on iron and _ steel 
powders that will sell competitively. 
To accomplish this, they are using a 
new process whereby powders are com- 
pletely alloyed before delivery. 

In essence, the method consists of 
making the desired alloy in a melt, 
then powdering a pencil-thin stream 
of the molten mass by blasting it with 
fine jets of water. The advantages 


claimed for such “prepared mixes” 
are: Little or no waste of material, 








P 
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New Alloys and Techniques Cut Cost of Powder Parts 


minimum machining, ability to meet 
close tolerances at high production 
rates, control over porosity (useful in 
bearings and filters), and close control 
over strength through powder-mixing 
to a definite prescription. 

Stainless-steel powder is already be- 
ing tried out by one maker of fans as 
a sprayed-on covering for fan blades 
subject to corrosive vapors in the chem- 
ical industry. The same idea is being 
tested for filters in the chemical and 
food industries. Such applications 
would bring powdered metal into di- 
rect competition with clad steel and 
the all-stainless steel products. In an- 
other instance, an auto-engine builder 
is investigating the possibilities of us- 
ing powdered alloy steels for making 
engine valves. 

The American Electso Metal Corpo- 
ration has two new types of stainless 
steel powders that can be sintered at 
low temperatures, have good molda- 
bility, and do not require high-purity 
atmospheres. One is a mix of 14 per- 
cent chromium, 86 percent iron; the 
other is iron plus 17 to 18 percent 
chromium and 8 to 9 percent nickel. 
Strength before sintering is said to be 
three to ten times higher than the 
strength of other commercial powders 
of similar composition. 

Iron powders coated with soft met- 
als have long been popular in the in- 
dustry. Coatings such as copper, tin 
and nickel simplify molding proce- 
dures and add “green” strength. The 
Metals Refining Company has a 
method for obtaining such coatings, 
based on thermo-chemistry. Brittle iron 
powders coated this way can be pressed 
at normal pressures and then sintered 
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at a temperature o yut ) 
Fahrenheit. 
The §S 


K. Wellman Company is 

advocating clutches made of powder 

metals, claiming that such a clutch out- 

performs conventional types because of 

better heat absorption. Greater pres 

sures and speed can thus be used in 
1 7 


smaller more compact designs 
’ 
Metal powder is an il for elec- 
trical and electronic equipment. Cores 


can be made by compacting in presses 
or by extrusion. The result, according 
to Standard Coil Products Corporation 
is a significant reduction in high 
frequency losses and the designer can 
specify a particular shape. Currently 
hydrogen-produced iron powder is in 
favor for low-frequency cores, but 
magnetite powder, ferrites and flake 
powders are coming into more com 
mon use 

The most promising of these are 
the ferrites, which arc oxides of metals 
instead of metal particles in an or 
ganic, insulating binder. The presence 
of the binder brings about a dilution 
of the permeability property of metal 
powders. In contrast, the oxides do 
not have to be powdered and diluted 

In addition to developing more and 
better metal powders, producers are 
also devoting much attention to cutting 
production costs. Typical of the courses 
of action being followed are: Improv 
ing the engineering of parts, redesign- 
ing dies and rearranging of production 
line components. A. S. Langhammer, 
who put the production of oilless bear 
ings on a paying basis at the Amplex 
Manufacturing Company, has worked 
up detailed methods for efficient cost 


accounting of powder metal products 
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Models Simplify Deflection 


Analysis of Curved Beams 


A fast, accurate method for determining the deflec- 
tion of curved beams with uniform or non-uniform 
cross sections and irregular arcs of curvature. 
Celluloid models, designed specifically to simulate 
the geometrical and loading conditions at the proto- 


type beam, are used. Long, tedious calculations are 


unnecessary. 


man y Cases. 


A. A. TOPRACTSOGLOU AND W. J. ENEY 


Department of Civil Engineering and Mechanics 
Lehigh University 


OFTEN IT IS NECESSARY TO COMPUTE 
the deflections of curved beams that 
form part of the frame of presses, 
riveting machines, and many other 
types of industrial equipment. If such 
beams have a constant cross section and 
constant curvature, the calculation can 
easily be made. But if the cross-section 
is non-uniform or the arc of curvature 
changes at various intervals, the cal- 
culations become tedious and_time- 
consuming. Celluloid models can be 
used to obviate this difficulty, provided 
that proper similitude is maintained 
between the model and the machine 
member. 

Another advantage of model analy- 


Table I—Design Dimensions for Proto- 
type Curved Beams 





Prototype b, h, I, R, R; h 





Beam in. in. in. in. 

4 |11/2| 12 | 26 | 36 | 3 
B 11/2} 12 | 216 | 24} 2 
Cc 11/2 12 | 216 | 12) | 





Accuracy is within 1.5 percent in 


The authors tell you how it’s done. 


ee 
Centroidal 








‘ 


















Fig. 1—Factors affecting the deflection of a curved 
beam are the loading, the radius of the centroidal 


axis, the area of the section, the moduli of elas 
ticity and rigidity, and the distance between th« 


neutral and the centroidal axis. 


THE: AEE TE. PRT 


sis is that deflections at various points 
along the neutral axis can be obtained 
with but: little additional work, and 
an influence line for deflection at the 
loaded end can be drawn by using 
Maxwell's Reciprocal Theorem.’ 

The deflections of curved bars can 
be calculated by making use of Cas- 
tigliano’s Theorem, which states that 
“the derivative of the strain energy 
stored in a structure with respect to 
any load on the structure gives the 
deflection at the point of application 
of the load along its line of action.” 
In mathematical terms, 


dU 
ee 
where § is the deflection, U the work 
of deformation, and P the force. 
The total energy stored in a curved 
beam due to an external load applied 
in the plane of curvature may Ee ex- 


pressed by: 


, | N? 
’ - {| xike + 745 ~ 


0 


MN a f? 
AER * sr] a (I 

in which R is the radius of the cen- 
troidal axis (radius of curvature) ; A is 
the area of the section in question 
E and G are the modulus of elasticity 
and rigidity, respectively; a is a nu 
merical constant determined by the 
shape of the section; M is the moment 
at the section; N is the normal force 
at the section; V is the shear force at 
the section; s is the length of the beam 
measured along the centroidal axis; 
and e is the distance between the neu 
tral axis and the centroidal axis, Fig. ! 
or 


h? 4 r \ 
‘= TR [: + (4) | 


The first term in Eq (1) represent 
the energy due to bending. The sec 
ond and third terms represent th 
energy due to the normal forces 
whereas the last term represents th 
energy due to shear. In curved beam 
whose cross-sectional dimensions ar 
small in comparison with the radius o 
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es must be considered 


When Eq (1) is applied to the 
ved beam shown in Fig. 1, the de 
fiction along the line of action of the 


1 P, is 


RP R al 
44E e G 


For a steel beam of uniform rectan 


lar section of width 4, depth 4, and 


nstant curvature R, a 1.2 and 

EG 2.6 Eq (3) then reduces to 
xPR 180.R* 

r= > +2 12 4) 


4dE h2 (15 R? + #2 ss 


[he first term of Eq (4) gives the 
flection caused by bending stresses, 


= 


lepth of section (R/>) can be com 


) 


the total « 


2) 


of 


> > 


stress and shear is ignored 


Thus, as indicated by Eqs (1) and 
(3), a definite relationship can be 


established between a model and 


ature R, only the energy due to 
ling need be considered. On the 
er hand, if the cross-sectional di- 
sions are relatively large, the effect 
shearing and normal force increases 
| therefore the energy due to these 


hile the second term gives deflection 
uused by direct stress and shear. The 

lection due to bending for various 
atius of the curvature of a beam to its 


puted and expressed as a percentage 

serail As shown in 
Fig. 2, for values of R// greater than 
the deflection is not more than 3 or 
{ percent in error if the effect of direct 


full-sized curved beam if 

A—The beam and model are geo- 
metrically similar 

B—Their moments of inertia at cor- 
responding sections are in constant 
ratio 


C—tTheir cross-sectional areas are 
in constant ratio. 

D—Poisson’s ratio is identical for 
the model and its prototype. 

Frequently not all ot these condi 
tions can be satisfied. If the portion 
of the deflection due to direct stress 
and shear is negligible, only conditions 
A and B need be met. If an arbitrary 
geometric scale reduction is selected 
for conditions A and C, there are nar 
row limits within which condition B is 
also met, but if met, frequently the 
model is of poor proportions. It is 
essential that the geometric scale re 
duction apply to both R and /. 


Theoretical vs Model Analysis 


To actually determine the relative 
importance of the various factors gov 
erning the accuracy of model analysis 
three curved beams A, B, and ( 
Table I, of constant rectangular section 
with a 90 deg central angle were rep 
resented by five curved model beams 

bcd and é Table II All mode! 
beams and the two straight beams f and 
g were 1.0 in. wide, 3 in. thick, and 
had essentially the same elastic prop 
erties even though Young's Modulus is 
slightly dependent on sheet direction 

Each prototype was therefore rep 
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Fig. 2—How defiection of a curved beam varies with the ratio of 
the radius of curvature to the height of the section, R/h. For ratio 
values over 2, direct shear and stress has little effect on deflection, 
it not being over 3 or 4 percent in error if they are ignored 


Fig. 3—Set-up for simultaneously determining relative de- 
flections of curved and cantilever beams under che same load- 
ing. These ratios are used in model analysis. Other meth- 
ods of compensating for creep are described in the text. 
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Design Dimensions for Model 





in R 
Is 1s 
15 1 
12 12 





Only in beam 


and 
Modulus is a function of 


of stress, a simple load de 


p-compensating 


resented by five different models, each 
to a different scale reduction for R and 
A and model « 


were 
so that the 


scale reductions were incorrect for both 
in all other models 


Young's 


the duration 


tron curve 


innot pe OD 





such as a celluloid loading spring 
Method 2 (a) was used in this case. 
Che set-up is illustrated in Fig. 3, 
which shows curved beam being de- 
flected by a turnbuckle attached to the 
end of the cantilever loading beam 
The curved beam is rigidly fixed at 
its lower left end so that as the turn- 
buckle is shortened, its right end 
moves up and to the left. A_ scale 
slides along a rod to follow this move- 
ment and record the vertical deflec- 
tion. The cantilever loading beam is 
so clamped at its left end that trans- 
lation without rotation to the left or 
right can take place. A special scale 
arm is attache¢ to this base and fitted 
with a scale that records the true 
vertical deflections of the loading beam. 
By adjusting the turnbuckle, the 
curved beam can be made to deflect 
towards or away from the loading 
beam. Each adjustment of the turn- 
buckle requires positioning the canti- 
lever beam so that vertical loads nor- 
mal to the axis of the loading beam 
are simulated. Both scales are grad- 
uated in 1/100 in. and capable of 


being read to within +-0.002 in. with 
a watchmaker’s loupe. 

In testing each curved beam, the 
unstressed normal position of the 
curved beam was noted. The turn- 
buckle was then adjusted so as to pro- 
duce equal deflections of the curved 
beam up and down from its normal 
position. Total deflections induced in 
the curved beams ranged from a maxi- 
mum of 1.194 in. for beam a, Table 
II, to 0.200 in. for beam e. For each 
beam, the deflections of the curved 
and cantilever beams were propor- 
tional for the full range of deflection 
induced. 

The relative deflection of the canti- 
lever and curved beams as determined 
experimentally are given in Table III 
These average ratios can be used to 
compare the calculated deflections of 
curved machine beams with those ob- 
tained experimentally with a model. 
The method that is followed makes 
use of the relationship that exists be- 
tween the model cantilever and curved 
beam and an imaginary prototype canti- 
lever and the prototype beam.” In this 





Table I1]—Relative Deflections of Curved and Cantilever Model Beams 





Model Beam Ratio of Cantilever 


to Curved Beam Deflection 


0 100 
0.171 
0 340 
2? 620 


2.000 


Example (Beam a 


=. . 
| t=-0.194" 








Table [V—Theoretical Deflections of Prototype Curved Beams 





Prototype 
Beams 
A 
B 
c 


Due to M 

i x@er 

5 x10* P 
197 x 10* P 


to M, N and V 


) 





Table V—Prototype Cantilevers For Establishing Deflection Relationships 





Lengths of Imaginary Cantilevers 


| Example: 








Prototype 
Beam 


Model Beam 


Consider Prototype 


C and Model } 

n = R./R, = 12/15 = 0.8 

L = n X length of loading 
cantilever 

L=0.8 X 11.0=8.8 

See Tables I and II 





method the effect of shear on 
cantilever beam is neglected. 
theoretical deflections of the protot 
beams A, B and C, as calculated 
means of formula (4), are give: 
Table IV. 

To illustrate the method, ass 
that a comparison is to be made 
tween beam A and model e. _ T. 
III gives 2.000 as the experime: 
average ratio of cantilever deflect 
to curved beam deflection, for 
above beams. This means that ide; 
tical forces deflect the cantilever 2 
in. and the curved beam 1.000 
Consider now an imaginary prototype 
cantilever beam that simulates 
model cantilever to the same lit 
scale reduction. The length of 
cantilever is 5 x 12 in. = 60 in., si 
the linear scale reduction is 12 for 
both R and /; and 5 in. is the lengt! 
of the loading beam. The force t 
will deflect this prototype cantilever 
2.000 in. will deflect the prototype 
curved beam 1.000 in. 

This imaginary prototype cantilever 
has a moment of inertia of 216 in. 
corresponding to the moment of i: 
ertia of the curved prototype. (I: 
both curved and straight beams, a 
width of one inch was chosen to repr¢ 
sent an I of 216). 

The force required to produce 
2.000 in deflection of the imaginary 
prototype cantilever, when the fore 
acts at the free end and can be con 
puted from the expression: 


A = PLY3EI , and 


3A EI 
ideas illo 
3 x 2.000 X 30 X 10° x 216 


a = 180 kips 


The theoretical force P to deflect beam 
A by 1.000 in. is, according to Table 
VI, 175 kips, a value close to that 
found by model. 

The lengths of all such prototype 
cantilevers used in calculating th 
loads corresponding to a deflection of 
1.000 in. of the prototype beams are 
shown in Table V. These lengths are 
based on the linear scale reduction of 
R of each model and on the lengths 
of the cantilever loading beams used 
in the test. The latter are 11 in. for 4 
to d, and 5 in. for ez. 

In the example there is complete 
similitude between the beam and th 
model, but the deflection can_ still 
be determined with a model if suc! 
is not the case. For beam C and mo 


a, the geometric scale reduction for K 


is 24 and for / is 12. Therefore, | 
first rule of similitude is not met 

the same calculations as for beams 
and e are made, the theoretical | 
to deflect C by 1.000 in. is found 


4 
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able VI—Comparison of Experimental and Calculated Deflections for 
Prototype Curved Beams 





Beam 4 (R/h = 3 Beam B (R/h = 2 Beam C (R/h = 1 
lel Beam 

Load for 1 0° 
Deflection Per 
cent 


Model | Theory Error 


Load for 1.0” 

De flection Pe I- 
- - cent — cent 
R' R/h Model Theory Error Model Theory Error 


Load for 1 0” 
Deflection Per 











18 182.6 178.0° 2.6 612.0 606.0% +1.0 4,997.0 5,076.1 —1le¢ 
5 15 180.7 178.0 1.5 609.7 606.0 +0.6 4,877.8 5,076.1 —39 
12 | 12 183.9 178.0 3.3 620.7 606.0 +2 4 4,967.4 5,076.1 =? 1 
6| 6 178.1¢ 178.0 +0.1 600.5¢ 606.0 —1.0 4,807.0* 5,076.1 —5 3 
3 3 180.0 175.0 2 621.24 606.0 +2.5 4,969.04 5,076.1 —2.1 





2 Total Force + 0.995. 177.2 + 0.995 = 178.1 (Factor 0.995 from Fig. 2). 

> Load for 1.000 in. deflection due to moment only. 

* Load for 1.000 in. deflection due to moment, shear and normal forces. 

ébwnv = 5.72 X 10° P; complete similarity between prototype 4 and Model ¢. 





Table VII. Since only 84.7 percent 


of the deflection in the beam is due 

to moment, the force required to de 

flect the machine beam by 1.000 in. is 

1997.0 0.847 1232.4 kips, and 
mM 


5 4222 4 0.1181 in 


The theoretical deflection is found 





’ = 0.233 xk 10°* 





x 500 = 0.1165 in 
EXAMPLE 2—With a beam similar 


to A, P = 500 kips, and model d 
find the deflection due to the load 


1 é) 


L= <X 11 = 66 1n; 


¢ 


6 cantilever 





4 Total Force + 0.978: i. e. 607.5 + 0.978 


= 621.2 (Factor 0.978 from Fig. 2). 


5 model beam 








Table VII—Calculation of the Loading of a Machine Beam" ~~ 3X 30 X 10° X 216 X 2.62 


66 


























PROTOTYPE 


4 1=2/6 in4 
e---.. £5* > P=? 
v 


see text 





[t---- W"---- of O cantilever 177.2 kips 
}_ ~ S model nad For Machine Beam: R// 3; deflec 
P=500 Kips ‘ “A 4 tion due to moment 0 978 X 8. 
Contilever’ p= 1protolype _2 x 3 For Model: R// 6: deflection due 
PR to moment = 0.955 K 8 


Therefore the load roduc 
in. deflection in the full-sized beam is 
Imaginary contilever 








>. 177 7% 0.978 174 ? . 
2 P=] 2 0 995 ™ 174-2 ku 
£ spall =73 inches 
The deflection due to 5 k ps is 
I= 2/6 in4 an 
oC 
JETS _ 3x 30x 10% 216 x 0.10 sca 
a 734 = 49970 mips The theoretical detiection is 


S00 





























be 4291.8 kips. Checking this load 
with model a, it is found that the load 
P is 4997.0 kips, which is 16.4 per- 
cent higher than the theoretical. Note 
that beam C has an R// value of 1, 
and model a has an R/A value of 18. 
Furthermore, Fig. 2 shows that when 
R/b equals 18, the deflection due to 
direct stress and shear is negligible. 
When R// is equal to 1, only 84.7 
percent of the deflection is due to 
moment. Therefore, when compari- 
sons are made between beam C and 
model a, the deflection in C caused by 
the moment only should be considered. 
Table IV gives § = 0.197 & 10° P, 
when § is due to moment only. There- 
fore, when § — 1.000 in., P — 5076.1 
kips. The experimental load P = 
4997.0 kips, is 1.6 percent smaller 
than the theoretical. 

The experimental and_ theoretical 
forces in kips required to deflect beams 
A, B and C 1.600 in. are shown in 
Table VI. In preparing this table, 
due consideration was given to the 
R/h ratios of the models and proto- 
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types. Thus, it can be seen that the Thus it can be seen that the use of 
errors are relatively small for a model models gives suttciently accurate re- 
analysis of this kind. sults for most curved beam deflection 
. ; analyses, and, as previously mentioned, 
Examples of Model Analysis is Ses ‘tains el om 
The following are two examples il- especially if the beam is non-uniform 
lustrating the use of the model method. in cross section or curvature 
EXAMPLE 1—To find the deflection BIBLIOGRAPHY 
of curved beam C with model 2 when 1. Lionel S. Marks: Mechanical Engi- 
C is acted on by a force P equal to 500. ~—s neers’ Handbook, 4th Ed, p 473 


kips. This is the force required to de- 2. S. Timoshenko: Strength of Ma- 
: ‘ . . terials, Vol. Il, Chap II, p 84. 

flect the peng it by 1.000 _ and r 3. Determining The Deflections of 

due solely to moment. Calculation of 


. Structures with Models, William J. Eney, 
the machine beam in loading is given in Civil Engineering, March 1942, p 150. 


WHAT'S NEW IN METALS—Research on metals has been stepped up consid- 
erably the past two or three years. New light metal alloys, new uses for 
molybdenum and titanium, and recent developments in ferrous metals are of 
special significance to designers. These and other developments wil! be high 
lighted in the October issue of PRODUCT ENGINEERING, which will also 
contain a special full-color report on coatings for gray iron, a full compliment of 
design application articles on mechanical, electrical, and hydraulic equipment, 
and news of the metal show. 
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Optional Heads 


Simplify Engine 
Production 


Body design of the Packard 1951 line of 
automobiles is completely new. Greatly in- 
creased glass area, lower hood and extended 
rear deck are the main styling changes. The 
cars are lower, longer and have trunk space 
almost double that of las: year. Rear seats 
of some models are almost 12 in. wider. As 
in the past, Packard offers three series of 
models. Series “200” has a 122 in. wheel- 
base while the “300” and “400” series are 
on a 127 in. wheelbase. The adoption of 
high compression engine design has resulted 
in production economies, while increasing 
the number of power plants from which 
the customer can choose. Formerly, there 
were three Packard engines of 288, 327 and 
356 cu. in. piston displacement. All engines 
had a 7 to 1 compression ratic. The largest 
of these has been discontinued, and the two 
remaining are available with either standard 
or high compression heads. Thus, there are 
four power plant combinations developing 
135, 138, 150 and 155 hp at 3,600 rpm. The 
compression ratio of the 155 hp engine is 
7.8 to 1, which is claimed to be the highest 
in the auto industry for full-size cars. Prom- 
inent interior styling detail is the use of 
biscuit-design, leather-like vinyl plastic in 
the back of the front seat, harmonizing 
with fabrics used on cushions and door 
trim. For maximum engine quietness, the 
Patrician “400” series cars are equipped 
with asbestos lined mufflers. This series also 
is equipped with a wrap-around rear win- 
dow, while all series feature a one-piece 
curved windshield. Defroster outlets run 
the entire width of the windshield. The 
instrument panel has been simplified hy the 
substitution of red warning lights for the 
ammeter and oil pressure indicator. 
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GLASS AREA is 26 percent greater than that of previous models. 7 


Patrician “400” series, above, features w rap-around rear window 


INTERIOR CHANGES include drawer-type glove compartment and 
red warning lights replacing battery charge and oil pressure meters 


HOOD LOCK RELEASE is accessible through front grille. Hod 
hinges are at the back rather than at the sides as previously. ¢ 
retains traditional Packard design theme. 
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Torque 
converter 
of cooler 





OPTIONAL HEAD raises compression ratio of the larger 


hp for standard engine. The 
now mounted directly on tl 
T 


pression ratio and 150 flexible 


engine to 7.8 to 1 and boosts power to 155 hp. These 
figures compare with 7.0 to 1 com 


tubing between engin 





lo < 
WATER PUMP has been moved down to allow lower hood DIP-STICK PORT is now above engine ledge 
and cowl. New location assure satisfactory operation of possibility of entry of dirt when oil | 
pump even when cooling system water level is low. 


level is checked. Starter 
is solenoid actuated and is mounted high for easy servicing 


to lessen 
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TYPICAL MAGNECLUTCH is for use between the motor 
and generator of a 5 kw power supply set. The clutch oper- 


ates under continuous slip, with the degree of slip depend- 


ing on generator load and the frequency of the power sup- 
ply. Output is kept within one-half of one percent. 


Since the first magnetic-fluid clutch was announced by 
the Bureau of Standards in 1948 several small servo- 
type clutches have been marketed. Now, after an exten- 
sive development program, Vickers Electric Div., Vick- 
ers, Inc., is producing magnetic clutches capable of con- 
trolling large amounts of power. Vickers prefers the 
generic term “Magnetic-particle Clutch” instead of the 
usual “Magnetic fluid Clutch”, since their product uses a 
dry magnetic mixture for power transmission. Trade- 
named the “Magneclutch”, the Vickers unit contains a 
mixture of iron powder and very fine flake graphite in- 
stead of the usual oil and iron powder mixture. This 
dry mixture makes the sealing problem much less dif- 
ficult. Stationary joints are sealed with rubber “O” 
rings and a system of centrifugal flingers keep the mix- 
ture away from the central shaft seals. The simplest 
type of Magneclutch is made for direct on-and-off serv- 
ice. In this type of duty it has important advantages of 
remote control, smooth starting, control of acceleration, 
cycling duty, and small control signal. It is particularly 
useful for starting heavy inertia loads with minimum 
surge from the power supply. Since the maximum tor- 
que is established by the current coil, the clutch auto- 
matically operates as an overload safety device. It is 
especially good as a slipping clutch, and may also be used 
as a magnetic brake or dynamometer. 





Quantity Produced Magnetic Clutches 
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CROSS SECTION DRAWING, above, shows constructio: 
of typical Magneclutch illustrated at left. The cylindrical 
working gap is not quite full of the magnetic powder mix- 
ture. Centrifugal flingers help to keep the magnetic powder 
mixture away from the central bearing seals. 
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CROSS-SECTION SHOWS a differently designed Mag 
clutch. This smaller model is for fractional hp applicatio’ 
There are a great many possible variations in possible clut 
design. Double clutches or double exitation members 
be used to give reversing or “Servo” duty. Also, since 
coil power is very small, the reversing clutch makes an efi 
tive power amplifier. Size does not seem to be limited 
long as the clutch has sufficient heat dissipating area. 
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PARTIAL PART DISPLAY shows the main components 
of the Magneclutch. In order to dissipate the heat losses 
due to slip, a clutch design with fairly large surface area 
was necessary. This and the working gap diameter used 
resulted in large centrifugal forces which could pack the 


magnetic mixture znd tie the inner and outer members to 
gether when the clutch exitation was off. In order to elim 
nate such packing, a cylindrical working gap and an amount 


of mixture slightly less than the gap volume were used. Sta 
tionary joints are sealed with rubber “‘O”’ rings 


Control Higher Power 













































































THIS DESIGN, a magnetic-particle clutch without 
lip rings, is used with a 24} kw motor-generator set 
for constant frequency applications. Magnetic clutches 
do not chatter and grab on engagement, and do not 
have to slip, like an eddy-current device, to produce 
torque. To give an idea of relative clutch size, this 
particular design measures approximately 54 by 9 
in., overall. Other types have comparable sizes. 
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across an ¢xtra pair of air gaps This last 
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A HIGH TORQUE MODEL, this clutch is used for power take 
off from a truck engine. It has an on-off duty at slow speed 
can be endless variations 
or radial. They can be single or multiple 
be an outer or inner 
even be removed from either rotating member and the flux fed 


T here 
Gaps can be cylindrical 

The exciting coil can 
member, and can be on either side, or can 


nm clutch ¢ : 
In ciutch parts. 
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Reverse brake 
piston housing 
Reduction gear 

nq 


Y Contro/ lever 
> 


Oi pressure 


Brake band relief valve 
s 


—— Oil level and 
filler plugs 


LEFT AND RIGHT VIEWS of this marine engine reverse 
gear show all external parts. In both views a 2.52 to 1 
reduction gear assembly is also shown. These reduction 
gear sets are contained in a separate housing, and are not 
standard equipment. The reverse gear is usually installed 
alone, to give a direct, 1 to 1 ratio. The Packard marine 
reverse gear consists principally of a drive line made up 
by the main driving shaft and propeller driving shaft. 
Splined to the main driving shaft is a rotor type pump 
which furnishes oil for both the control and lubricating 
systems. Mounted behind the pump is a drum or carrier 
housing which contains the clutch assembly and planetary 
gears. A reverse band surrounding this carrier is operated 
by the hydraulic piston through a simple lever. There are 
no complicated linkages to cause maintenance trouble. 


N 


Planetary Gearing 


Designed for use with 100-150 hp Packard marin: 
engines, this “Finger-Tip Control” marine reverse gear 
uses a hydraulically controlled planetary gear system to 





Control lever in 
neutral position 
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“ broke bond 
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WITH CONTROL LEVER IN NEUTRAL, oil distribu 
tion to the clutch and reverse brake passages is prevented 
by the position of the cylindrical control valve. Channels 
in the valve vent both the clutch and brake passages to the 
inside of the housing. Since the clutch operating piston is 
not subjected to oil pressure the clutch plates are kept sepa 
rated by six release springs. This permits the alternately 
spaced bronze driving disks and steel driven plates to rotate 
independently. The reverse brake piston is not subjected 
to oil pressure and the piston is held in its upward position 
by the piston spring. The self-expanding brake band is 
then in the released position and the clutch and bevel gear 
carricr is free to rotate. Power transmission through the 
rear bevel gear prevented since the pinions are not turning 
the rear bevel gear, but are rotating around it. 
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Increased Use of Plastics in Refrigerator 


THE NEW CROSLEY REFRIGERA- 
TOR uses a total of 24 lbs. of plastic 
in 68 different parts. In a recent talk 
to the SPI a company spokesman, Mr. 
O. E. Norberg, explained where and 
why the parts were used. 

The largest plastic part is a phenolic 
door liner weighing about 6 Ibs. It 
functions as a basic structural part of 
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the door assembly and at the same time 
has superior thermal properties that 
retard the entry of heat into the cab- 
inet without the use of separate ther- 
mal breaker strips. It also serves as the 
basic structural member and helps to 
provide two extra feet of storage space 
in the door. 

Plastics are also used to replace the 


metal shelves. Appearance is 
main advantage in the use of plas 
here. Crosley designers wanted 
achieve a sturdy, streamlined, 
tegrated look, and they picked a p 
tic to fill this need. The shelf rails 
also injection molded polystyrene 
plastic rails were designed to a\ 
dirt-catching cracks and crevices. A 
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give 100 percent reverse torque. A simple control lever 
with forward, neutral, and reverse positions eliminates 
all complicated shifting. The standard reverse gear has 





Simplifies Marine Reverse Gear 
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a direct, 1 to 1 ratio. However, for boats that need a 
reduction in speed, Packard also offers reduction gear 
units with 1.45 to 1, 2.04 to 1 or 2.22 to 1 ratios. 








Control lever in 
forward position 





--Feverse brake piston 
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Control lever in 
reverse position 


Reverse broke pisfor 











WITH CONTROL LEVER IN FORWARD, one of the 
pressure channels of the control valve aligns with a drilled 
passage leading to the clutch operating cylinder. At the 
same time the reverse brake passage continues to be 
vented to the inside of the housing and the reverse brake 
remains in its released position. Oil pressure forces the 
clutch operating piston rearward to engage the forward 
clutch. Engine power transmission is then -hrough the re- 
verse gear main driving shaft to the clutch hub and the 
front bevel gear. The carrier rotates with the clutch hub due 
to the locking action between the driving disks and the 
driven plates. The clutch hub, the carrier, and the front 
bevel gear turn as a single unit driving the rear bevel gear 
and the propell«r shaft by means of the trunnion and 
pinions. The pinions do not turn on their trunnion arms. 








WITH CONTROL LEVER IN REVERSE, a pressure chan 
nel of the control valve aligns with a drilled passage lead 
ing to the reverse brake band operating cylinder. At the 


same time another portion of the valve vents the torward 
clutch oil passage to the inside of the reverse gear housing 


and the clutch is held in the disengaged position by the 
clutch release springs. The reverse brake piston, under oil 
pressure, pushes the brake lever down to tighten the brake 
band. The brake then holds the clutch and bevel gear car 
rier housing stationary. Engine power is transmitted 
through the reverse gear main driving shaft to the clutch 
hub and the front bevel’ gear. The clutch, being in released 
position, is free to spin within the carrier housing. The 
drive through the front bevel gear which rotates the pin- 
ions causes the rear bevel gear to rotate in reverse 








since the color is built in, there is no 












danger of canned goods or bottles 
wearing out the finish. 

A butter safe, which keeps butter 
at just the right temperature for easy 
spreading, has a body, door, and tray 

jection molded from heat resistant 
polystyrene. Here, the insulating prop- 
erties of plastics are used in addition 
to a controlled heating element to 
maintain proper temperatures. 

The freezer door is made of two 
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injection molded polystyrene halves vey. They also chose a clear plastic in 
cemented with Fiberglas insulation be- this case to give an impression of sani 
tween them. This is an ideal plastic tation and cleanliness without a 
application, since the structural parts pital feeling of sterility 


pit 
are also insulators. They help to pre Among other major 












vent condensation of moisture and relied heavily on plastic for decorative 
subsequent icing more effectively than effects, especially with gold and silver 
metal doors. Transparent plastic is used plated acrylic inserts. A Nylon roller 
to make meat keepers and crispers be- in the latch mechanism was selected 
cause an opaque material would de- for its wear properties TI new 
stroy the impression of spaciousness refrigerator is built by Crosley Div. of 
that Crosley designers wanted to con- Avco Mfg. Corp., Cincinnati, Ohio 
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Redesigned Camera Shutter Has Double 


Photographic shutters have traditionally been di- 
vided into three main groups: The “flip-flop”, or 
type; the “Between-the-lens” type, 
which is the most popular; and the “focal plane” 


box camera 


shutter, which is a slotted curtain or variable slit 
type shutter. The focal plane shutter is by far the 
fastest of the three types, but is not widely used. 
It has been the dream of shutter designers for 
years to make a hetween-the-lens shutter with a 
better range of shutter speeds—while still retain- 
ing the many characteristics that make this shutter 
ideal for most cameras. The new Kodak Synchro- 
Rapid 800 shutter, which is now featured on a 
new model of the Kodak Tourist Camera, is the 
realization of this aim. It has a top speed of 1/800 
sec., and is built on an entirely different design 
principle. For its size, it is twice as tast as the 
fastest between-the-lens shutter previously made. 
Its top speed is within 20 percent of the top speed 
of most focal plane shutters. In addition to the 
new shutter design, the Kodak Synchro-Rapid 800 
Shutter also features a front and back lens element 
mounted in a machined tubular section joined to 
At the present 
time this new shutter design is available in only 


insure accurate lens alignment. 


one size. Other sizes will follow. 





i. 
REDESIGNED KODAK Synchro-Rapid 800 shutter looks much 


the same as before, but has twice the usual shutter speed. In 
addition to the new speed the unit also has these new features 
A uniform trigger stroke, with or without the flash attachment 
which is advantageous when limited-power solenoid tripping 
devices are used; a continuous time delay adjustment aids opera 
tien with a flash lamp at any shutter speed; the shutter flash con 
tacts will stand a load of 15 amps at 25 v—this is important in 
modern practice when multiple flash bulbs are used. 
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New Model Coffee-Maker Has 
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AFTER REDESIGN: The “Tricolator” not only has better 
appearance, but costs less to manufacture and sell. Cushing 
& Nevell, an industrial design firm in New York, rede- 
signed the coffee-maker for the Tricolator Corp., also of 
New York City. The new utensil now stands in New York's 
Museum of Modern Art as a part of a permanent industrial 
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collection. New Tricolator has only five major parts, 
quires only one self-tapping screw, and only one assen 
operation. This is in contrast to the old design, which 
twelve major parts, eight rivets, and required ten assem 
operations. The top section is spun from aluminum b 
to give a better appearance and as a manufacturing econo 
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Conventional Speed, Longer Life 





THE MAJOR DIFFERENCE between the conventional 
and the new shutter design is in the motion of these blades. 
In a conventional shutter, blades move first in one direction, 
to open, and then in reverse, to close. This change in 
direction of motion limited operating speed and required 
use of extra-heavy spring. In the new design each blade 
moves continuously in a counter-clockwise partial circle 
The rear part of each blade swings up, to open the aperture, 
and the fore part swings down to close it again. 


SINCE THE APERTURE MUST OPEN while 
is being cocked, a pair of cover blades (above) are used 
to shield the lens during the setting or cocking cycle. These 
cover blades are located behind the shutter blades. Initial 
pressure on the shutter release lever moves them out of the 
way before the shutter is tripped. These cover blades also 
act as an extra precaution against light leakage 
portant with present day very fast film, 


sensitive to small amounts of light 


This is im 


which is extremely 








Improved Appearance, Fewer Parts 


BEFORE REDESIGN: The 
reliable but unwieldly utensi! 
makers use filter paper to strain the sediment from coffee 
Both also have the feature that ceramic parts can be used 


alone as a coffee or tea-pot 
month’s sales increase paid the cost of redesign 
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Tricolator was recognized as a 
Both the new and old coffee- 


The company reports that one 
Before 





redesign the Tricolator | welve c eigl S 
and required ten assembly operations. It was priced 

50 pecent higher than the new design. The coffee maker 
was originally made in 13 colors. This number has now 
been reduced to 7, which means a substantial saving in man 
ufacturing and inventory cost 
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New Grease 
System for 


Goods Press 


The Model 800-32 Single Mechani- 
cai Goods Press, made by ‘ihe Mc- 
Neil Machine & Engineering Co., of 
Akron, Ohio, is used for the curing 












of mechanical rubber goods such as 
automobile trim, motor mounts, 
heels, soles, mats, and other such 
parts. Loads as high as 800,000 Ib. 
are developed between platens, and 
this means a high unit bearing load. 
Also, curing time for various good 
2 can vary from 3 to 40 minutes, re- 





























sulting in a variety of lubricating 
frequencies. Heretofore it was nec- 
essary to manually grease 15 bear- 
ings; always with the possibility of 
overlooking an important bearing. 
Now, an automatic system measures 
the correct amount of lubricant for 
each bearing and assures complete 
lubrication during each cycle. 


SUPERIMPOSED LINES show one-half of 
the lubrication system. Tubing goes from 
the master cylinder, through the master lines 
to the individual manifold injectors, and 
from the injectors to the individual bearing 
Each manifold is individually adjustable as 
to the volume of grease dispensed to each 
bearing. With the new setup, the master 
cylinder builds up to its maximum pressure 
and discharges all injectors at every other op 
eration of the press. After all the manifolds 
have been properly adjusted, the only main 
tenance requirement is the manual refilling 
of the master grease cylinder. Lincoln Eng 

neering Co., of St. Louis, Mo., furnishes the 
centralized lubrication components used or 
this machine. 


THE MASTER PUMP UNIT is actuated |! 
the movement of the top platen support « q 
the press at each opening and closing. 1 
small rolier at the bottom of the actuati 
lever is engaged at all times in a surface co 
tact with the top platen support so that 

vertical movement of this support actuat 
the master cylinder pump. The pump d 
charges at the end of two complete cyc! 
of the press. 
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Cooling Tower 
Cuts Waste 


The “Hydro-Miser”, a new cooling tower 
made by Larkin Coil Co., of Atlanta, Ga. 
uses a mew type of wetted surface to get suf- 





ficient cooling with a low water consumption. 
The evaporative condenser has a grid-work 
of electro tinplated bronze wire screens, with 
each screen set at a slight angle. Water is 
sprayed on these screens and is then evapo- 
rated and cooled by a blast of air drawn in by 
fans. The air flows on both sides of each 
screen in the grid-work, to give twice the 
usual cooling surface. The grid-work is 
housed in a hot-dip galvanized steel case and 
the entire unit can be removed for cleaning. 
Other features claimed are: a minimum con- 
centration of salts and deposits in the sump 
tank; hot-dip galvanized sump tanks, fan 
scrolls, wheels, frames, and panels; and 
large orifice-type spray nozzles. 


CUT-AWAY drawing shows the grid- 
work of electro-tin-plated bronze wire 
screens used in cooling. Water is sprayed 
under pressure onto the screen and clings 
to the fine mesh of the wire. Centrifugal- 
type fans pull air in from the bottom of 
the tower. The air flows on both sides 
of each screen and evaporates the water. 




























































Nylon Piston 


Resists Abrasion 





In designing a multi-purpose pump, the ECO 
Engineering Co., Newark, N. J., needed an 
eccentric piston that was light, abrasion re- 
sistant, that would maintain high pressure 
and volume, work quietly without lubrica- 
tion, and have a high degree of chemical re- 
sistance. Pistons machined from molded 
nylon met these specifications, and are now 
being used. The DuPont nylon rod was made 
by the Polymer Corp., of Reading, Pa. 
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NEW ‘CABOMETER” comes in five models to meet the require VIEW OF THE NEW METER in a transpare 


ments of different taxi operations. Lightweight and mechanical case gives some idea of the compact, simplifi 


simplicity are the main design features of the new meter. This outside construction. The new unit has more than a hun 


view shows the seven recording dials normally needed 


Fewer Moving Parts 


In New Taxi Meter 


Design simplicity and easy maintenance were the ob- 
jectives when Cabometer, Inc., of Anniston, Ala., built 
this new taxi meter. The company claims a reduction 
of over 100 moving parts in the new meter compared 
to standard designs. Since meters are usually mounted 
in the dash of the taxi, lightweight alumium construc- 
tion was used wherever possible. The meter mecha- 
nism differs from traditional designs in that the prin- 
ciple operating member is a screw-type cam. A num- 
ber of pins fit into the cam grooves, and as the cam 
turns the movement of these pins register the distance 
the cab has traveled. Motive power is provided either 
from the transmission or from an adaptor mounted on 
the speedometer. At the same time that the indicator 
wheels are tripped to register the fare for the cus- 
tomer visually, a gear arrangement turns another dial 
to make a permanent record of the distance traveled. 
Since waiting time is also a factor in cab operation, 
the Cabometer is fitted with either a springwound or 
electric clock. The clock mechanisms operates the 
meter at speeds below 8 mph, with the clock operating 
through the cam in the same way as the speedometer 
drive mechanism does at higher speeds. 
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dred fewer parts than conventional meters 


1 1 Pie 
Bebo. 8 a sitll Sinantendlen cts 
IMPORTANT PARTS of the new meter are displayed abov 
Gears are case hardened, and cams, levers, and other movi 
parts are of brass. Most stamping are of cold rolled ste 
Where necessary, all internal parts are cadium plated. 
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Gear Shaver 
Is Fully Automatic 





Made especially for production work, the model 873 
Gear Finisher will shave spur and helical gears and 
involute splines by either the Underpass, the Traverse, 
or the Traverpass methods. The shaving method 
depends on the size and type of gear to be finished. 
After the machine has been set up to finish a particu- 
lar gear the operation is completely automatic. An 
unskilled operator has only to load and unload the 
machine and push “stop” and “start” buttons. The 
machine will curve-shave (crown) wide face gears as 








well as marrow ones. Machine control is entirely 
electrical, which simplifies operation and increases 
flexibility and precision of control. The cutter head 
movement is controlled by limit switches. Another 





feature is that the machine is so designed that an 
overhead crane or hoist can be used to load heavy 
gears. The new model 873 Gear Finisher is made by 
Michigan Tool Co., of Detroit, Mich. 


GEAR FINISHER PARTS are: (1) spindle 
drive motor, (2) electrical control panel, (3) 
shaving cutter, (4) cutter reciprocation slide, 
(5) cutter slide angle positioner, (6) head 
slide, (7) start and stop buttons, (8) infeed 
motor and drive, (9) handwheel for setting 
center distance, (10) stroke limit adjustment 
and limit switches, (11) cutting oil gage, (12) 
pivot for transverse curve shaving, (13) limit 
switches for cutter reciprocation, and (14) dial 
indicator for crossed axis setting 


ROTATION SPEED and speed of cutter reciprocation SLIDES AND WAYS are lubricated by 
for any of the three methods are regulated by change (1) Manual control, (2) is tting he 
gears, (1 and 2). Take-off point (3) is for special curve- setup. Limit switches on back of machine 
shaping attachment for transverse shaved gears verse shaving. They a 


are actuated Dy 
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Fig 1—Insulated screws, with a metal core and a plastic exterior, are shown in a variety of special and standard 
types. While stardard shapes and sizes will suit most applications, an economy-minded designer can often specify 
a special insulated screw that will serve several functions in addition to the main fastening requirements. 


Fig. 2—(A) Five parts are needed to provide electrical insulation by ordinary fastening methods. 


sulated screw replaces two washers, an insulating boot, and a steel nut. 
has one screw already machined. Next step is to cut off screw and slot the head. Notice the knurled metal core. 


The one in- 


(B) This composite metal-plastic rod 


Insulated Screw Fasteners for 


B. G. FORMAN 


Research Director 
Forman Insulating Screw Corporation 


IN MANY ASSEMBLIES, the type of 
fastener that is used to join parts and 
components to the main frame places 
severe restriction on the designer. Fas- 
teners for electrical or electronic 
assemblies perhaps are the best illustra- 
tions for the case in point: Joining 
two metallic parts with a metallic 
screw or bolt brings the two parts 
into direct electrical contact, often 
when such contact is not desired. Or 
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the use of metallic fasteners for join- 
ing two metals with widely different 
activities in the electrolytic series may 
cause electrolytic corrosion and re- 
sultant failure of the assembly in 
service. 

The usual solution to such problems 
is to insulate the components from 
each other by a strip or panel of non- 
conductive erbers:| and to use in- 
sulated bushings, washers, boots, or 
other devices to prevent electrical con- 
ductivity. Another solution is to use 
a plastic insulated fastener, as shown 


in Fig. 1, that in itself is non-cond 
tive. A composite metal-plastic scre 
such as this automatically insulates | 
various components, and_ there! 
does away with the need for auxi! 
insulating devices. While not so str: 
as a screw made of one of the hig 
tensile strength allows, insulated | 
teners are suitable for many jobs 
which a moderately high hold 
strength is sufficient. 

Other advantages of plastic insula 
fasteners are: (1) being made 
screw machines, threads are comp 
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Fig. 3—Four insulated screws replaced 18 parts in this anti-capacity 
switch. A further product simplification would result if the component 
were redesigned to take full advantage of the insulated screws. 


z 
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Fig. 4—A composite screw is used as a gravity switch. A metal ball in 
a hollow cylinder contacts the screw core to complete a circuit. A wire 
lead-in connects to the metal core through a hole in the plastic head. 


Electrical Equipment 


dle in accuracy to those cut in metal; 
(2) the fasteners are highly resistant 
‘0 damage by shock and vibration; (3) 
they are resistant to many chemicals 
since the plastic can be specifically 
selected for resistance to certain chem- 
icals; and (4) they are light in weight 
and can be made in colors to match or 
complement the basic structure 


Construction and Application 


Basically, a composite metal-plastic 
screw consists of a serrated metal core 
that has been extrusion coated with a 
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plastic exterior to form a composite 
rod. The rod is then cut and machined 
on an automatic screw machine to form 
a precision screw having any desired 
number of threads, head shape, length, 
or color. A composite rod is shown, 
Fig. 2, with one screw already formed 
The metal core gives the screw a safe- 
driving, unbreakable head, while the 
plastic exterior provides insulation. 
Wall thickness and type of plastic 
determine the dielectric strength of the 
insulation. Any extrudable plastic can 
be used, as well as any type of metallic 
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core. Screws using eight well-known 


plastics have been developed. Ot thes« 
eight, four are now commerciall) 
able as stock products, and w 
the majority of applications 
cellulose acetate polyethelyn« 
acetate butyrate, and etl 


Ea h vro 


erties that fits 


lose 

lulose ty 

of application 

Fields 

teners ire 

groups (1) 

components (2 n 
(>) M« nanica 
th gal - »] 


tic qu. bia 
four composite 
formerly 
were 
tayve 
plete new 
Do if le 
WSSTD 
t ‘ . 
omponen 
] ; 
An ele 


shows non-condu 


screw and thereby sets oft 
The plasti 


SCTCW insulates (thi 


trical stop-motion devi 
portion of the 
assembly from the rest of the 
The non-conductive fastener is u 
an adjustment to control the length of 
travel of the ball within the cylinder: 
This application shows three functions 
of the screw: (1) The metal core is 
used as a contact point. (2) The plast 
exterior insulates the switch from the 
rest of the assembly. (3) The con 
posite screw is used as an 
device. The fineness or 
the adjustment may be varied by 
use of different threads 

In another electrical application a 


composite screw one-inch in 


adjustmen 


sensitivity of 


diameter 
and twenty-four inches long is used as 
a lead screw for a metal-detecting 
chine. In another case the scr 
places the 

a television inductance coil 
application the use of a proper 
allows a fine permeability tuner to be 
built with a mi of parts. Ele 


ae lad i letsno 
threaded insulating 


trical uses run from simple jacks and 
relays through 
complex assemblies as the 
sequence calculators 

For applications in the 
and food industries, the 


and including such 
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electronic 


chemical 


choice of 


107 

















plastics and metals available makes 
possible the production of chemically 
resistant fasteners. The plastic exterior 
of these composite screws can be used 
as a liquid seal in containers. The with excellent electrical .insulation 


soft flowing plastic is best for shock 
loading, and has good vibration damp- 
ing qualities. Polyethelene, for ex- 
ample, combines good shock resistance 


threads of the screw act as a multipl« 
unit of washers and in effect, produce 


properties. Where these two problems 
are combined in one product the slight 
a seal. This application is significant extra expense of polyethelene is more 
where volatile chemicals are used. In _ than justified. 
the field of refrigeration, for example, In one 
the composite screw can be used to 
replace the insulating bushings and 
extruded washers that prevent loss of 
refrigeration and chemical refriger- 
ants. Furthermore, when used in or 
around food containers they import no 
odor, stain, or taste and can be made 
fully resistant to food acids. 

In the mechanical design field the 
ability of the composite screw to stand 
up under shock loading and vibration 
are important features. In general, a 


mechanical application, 
where a metal screw and nut were 
used as the adjustment for each stitch- 
cam on a knitting machine, the metal 
screws were constantly out of adjust- 
ment due to vibration. Redesign with 
composite fasteners, using a soft flow 
plastic to absorb the vibration and a 
steel core to hold the stitch-cam in 
place, solved this problem. 

Another use of the composite screw 
manufactured with soft flow plastics 
occurred in the mounting of compo- 
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aed Fig. 5—Using a permeable core, this insulated screw forms the basis for a television in- 
ductance coil, which can easily be incorporated into a fine permeability tuner. 





mu Table I—Plastic Wall Thickness With Various Core Sizes 





Core Sizes, in. 
Screw Sizes 
§/64 3/32 7/64 1/8 | 9/64 5/32 11/64 3/16 13/64 7/32 15/64 1/4 17/64 9/32 

















8-32 0.022 

10-24 0.029 0.021 

10-28 0.033 0.025 

10-32 0 036 0.028 0.020 
12-24 0.042 0.034 0.026 
12-28 0.046 0.038 0.030 0.022 


Plastic Wall Thickness 


1/4-20 0.053 0.046 0.038 0.030 0 022 
1/4-24 0.051 0.043 0.035 0.028 0.020 
1/4-28 0.055 0.047 0.039 0.032 0.024 
§/16-18 0.058 0.032 0.042 0.034 0.026 
§/16-20 0.062 0.050 0.046 0.038 0 030 0.022 
§/16-24 0.067 0.054 0.051 0.043 0.035 0.028 0.020 
3/8/16 0.059 0.068 0.061 0.053 0.045 0.038 0.030 0.022 
3/8-20 0.067 0.960 0.053 0.046 0.038 0.030 0.022 
3/8-24 0.067 0.059 0.051 0.043 0.035 0.028 0.020 





Core Sizes, in. 


§/32) 3/16) 7/32) 1/4 | 9/32) 5/16 11/32 3/8 13/32) 7/16 15/32) 1/2 17/32 











| 
7/16-14 — |0.096 0.080 0.064 0.048 0.032 
7/16-20 | 0.094 0.078 0.062 0.046 0.030 
7/16-24 0.099 0.083 0.067 0.051 0.035 Plastic Wall Thickness 
1/2-13 0.092 0.076 0.060 0.044 0.028 | | 
1/2-20 \0.092 0.077 0.061 0.045 0.030 
1/2-24 10.099 0.083 0.067 0.051 0.035 
9/16-12 0.103 0.087 0.071 0.055 0.040 0.024 
9/16-18 0.106 0.090 0.074 0.058 0.042 0.026 | 
9/16-27 0. 102 0.086 0.070 0.054 0 038 
5/8-11 0.099 0.083 0.067 0.051 0.035 
5/8-18 0. 106 0.090 0.074 0.058 0.042 
$/8-27 0.102 0.086 0.070 0.0540.038 0.022 





nents of a recording machine. Sou 
distortion caused by vibration w 
eliminated. When radio speakers 

other audio reproducers are mount: 
with the new fastener, the screw pr 
vents the low frequency vibratio: 
from causing annoying resonance 

the surrounding cabinet. 


Selection 


Composite screws are selected first, 
by length, diameter, head shape and 
type of thread, just as any other screw 
In addition to these standard specifi- 
cations the following special selectior 
factors must be considered: 

First, plastic wall thickness. For 
electrical insulation the plastic wall 
thickness must be sufficient to give 
the required insulation protection 
Table I gives a method for determin 
ing the wall thickness of a given sized 
screw, with various choices of cores 
For a complete discussion on the thick 
ness of plastic insulating materials se 
PropucT ENGINEERING, April 1950 
pages 135-139, “Laminated Plastics In 
sulation” by P. E. Littlefield. 

The second selection factor is the 
type of metal core (steel, aluminum, 
brass, or copper) and type of plastics 
needed for the particular application 

The third factor in selection is 
color. Since there is no limit to the 
choice of colors, the screws can | 
chosen to give a desired decorative 
effect, or can be chosen as an aid to 
color identification in assembly of com- 
plex parts. 

Presently available composite screws 
range in diameter from No. 8 to } in 
with cellulose acetate; from No. 10 to 
$ in. with a polyethelene insulation; 
from No. 8 to 3 in. with cellulose ace- 
tate butyrate; and from No. 8 to 3 in. 
with ethel cellulose insulation. 

The following applications of the 
composite screw give examples of th 
varied properties available: 

Sulphuric acid corrosion, light load, | 
voltage—Polystyrene. 


Oil seal in transformer, no load, s 
vibration—Cellulose Acetate Butyrate 


High impact, high voltage—Ethel (¢ 
lose 

High voltage, high vibration (excurs 
0.050 )—Polyethylene. 

Heat 140 F, moderate voltage, moder 
load—Cellulose Acetate. 


High load, high voltage, moderate vib 
tion—Ethel Cellulose. 


Atomizer seal, wear resistant—Ny! 
Vinyl chloride acetate. 


Cigarette lighter seal, wear resistant 
Ethel Cellulose. 

Glass connectors, vibration, high load 
Ethel Cellulose. 


Heat conductivity, light load—Polyst 
rene. 
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SYNTHETIC 
HYDRAULIC 
FLUIDS 





Possibilities of new types of hydraulic fluids are com- IS ip 1 as the “oxygen demand. 
O Verily conclusions optained with 
pared with modified petroleum oils, for aircraft and the spray flammability apparatus, tests 


were made by the Navy on the ability 
- , 1 ' | 
of 50 caliber incendiary bullets to ignite 


each proposed fluid. This work con 
firmed the predictions based upon th 


industrial applications. Flammability is of primary con- 
cern, but relative viscosity, effect on metals, toxicity, 


. . nue } tary fammahility tect< 
operation at high and low temperatures, volatility, mmacatory Samneety Sets. | 
/ All of the five flammablity test 
. . seth } ~woint fir nome cPon | 
and effect on seals and packings are also considered. methods—flash point, fire point, sp 
taneous gnition temperature, spray 
flammability, and incendiary fire—have 
C. M. MURPHY* and W. A. ZISMAN* been applied by the authors to t! 
study of a wide variety of hydraul 


Naval Research Laboratory 


fluids, synthetic oils ind organ 

lig::ids of promise. It is noteworthy | 
FLAMMABILITY OF LUBRICATING and liquid. A high V.I. (viscosity index) that fluids having an oxygen demand 
hydraulic fluids is frequently a hazard low pour-point, petroleum-base hy- of less than 40 to 50 percent in the 
n aircraft and industrial equipment. draulic oil always exploded when the spray flammability test proved explo 
Because of the adoption during the oxygen concentration was 12 percent, sive in the incendiary fire test, while 
ast war of the lower boiling petro- while a highly halogenated hydro- those requiring appreciably more than 
leum-base fluids thickened with 7. carbon required at least 60 percent 50 percent of oxygen did not explode 
mers, which satisfied the demand for oxygen. The first fluid forms explo- From these tests it was shown that 


a fluid capable of operating over wide sive mists in the air, since air contains no available petroleum-base or castor 
ranges of temperature, fire hazards are approximately 21 percent of oxygen. ooil-base hydraulic fluid is sufficiently 























even more acute. Fires and explosions The minimum oxygen concentration flame-resistant. The addition of anti 
caused by hydraulic fluids were sig- required to form an explosive mixture oxidants in high concentrations does 
nificant sources of casualties and losses | 
of aircraft equipment. In industrial 
practice, too, where hot equipment . ‘ é ;' 
_ Table I—Properties of Modified Petroleum Hydraulic Oils 
or parts are handled by hydraulic ma- : 
chinery, such as in steel mills and die oo 
casting shops, there has been an in- Navy Department Specificatio: ; Air Porce- | 
creasing interest in preventing fire take ieee | oe oe 
and explosion hazards caused by sud- Property $$ ——__- ——_—_— —; Spec. No.) Specifica 
: = a Grade Grad Grade » o_o are 
den leaks or component failures. ao7s He | 2110H® | 2190 Fe | Si-P-21 | S1-P-23 AN- 
A new laboratory method has been evel ake PS ; 7 
developed for measuring the flam- 315 325 380 225 300 225 200 
fonts ° ee 345** 360** 380** 235 325 240** 225** 
mability of a fluid under empirically onl Wadek i ona o** ore _ 35000 i5eee agese 
. °° ° 7 =m ‘ . 3 -_ ~ 7S 
controlled conditions, in terms of the Pour Point, P max _ DO he © . = 
volume percentage of oxygen neces- 18.2-25.2 39.8442 20°* 22** 24** 10 
: . . oo 48** 109** 27 40 38 14.5** 
Sary in an Oxygen-nitrogen mixture to 4360 215 1500 600*%* 110° 
. cs e : ‘ - >> ee ee 
permit an arc-ignited flame to propa- * a — i = _ 
gate along a metal tube filled with a 7 aseo 18s** | = 183° i70** | -2259%* 
finely dispersed mist or spray of. test 
* Oils of same viscosity grade and approximately the same characteristics, but without rust bition 
——— ” properties are also specified Sede 
* The opinions expressed in this article are those oe Ni t a specification requirement, but typical of oils conforming to this specification 
‘ the authore and are not to be construed as *** 72-hour storage test 


oficial opinions of the United States Navy Dept. 
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not sufficiently irmprove the resistance 
to all types of fire hazards studied. 
Petroleum oil mists explode readily 
in the atmosphere. Conditions favor- 
ing explosions were created at pres- 
sures as low as 25psi with all com- 
mercial high V.I. hydraulic fluids in 
use (during the war) and with oils 
below the SAE 30 viscosity grade. 
Few liquids were resistant to all the 
laboratory tests for flammability, al- 
though many were resistant to one or 
more tests. The most serious fire 
hazard found was reproduced by the 
spray flammability apparatus and the 
results showed that the ignition of a 
mist or fog of lubricant in the atmos- 
phere (such as could occur following 
a break in a high-pressure hydraulic 
line) can cause a serious explosion. 
Few liquids in the desired range for 
hydraulics are truly non-flammable. 
Nearly all organic liquids pyrolize or 
oxidize if exposed long enough to 
temperatures over 500 F; the products 
formed are often flammable. In the 
search for completely nonflammable 
liquids, two other types of fluids have 
not been overlooked. These are: (1) 
Flammable under extreme conditions, 
but will not support combustion when 


the source of ignition is removed; 
and (2) flammable, but still so much 
less hazardous than available fluids, 
to deserve attention as a ‘less flam- 
mable” fluid. 
Advances in Conventional Fluids 
By properly refining and selecting 
petroleum fractions, fluids having little 
tendency to form gums and sludges 
under common operating conditions 
have been prepared. Additives have 
been developed to decrease wear, and 
improve oxidation stability. Rusting 
caused by condensation of water or 
leakage can be avoided by adding in- 
hibitors. and effective additives have 
been found to reduce foaming. Where 
necessary to obtain high fluids, 
oil-dispersible linear polymers such as 
the polybutenes and the polyesters, 
when added minor concentrations, 
increase the viscosity and improve the 
viscosity-temperature characteristics. 
The wide variation in petroleum- 
base hydraulic oils is shown in Table 
I, which the requirements of 
some military specifications. Grades 
2075 H, 2110 H, and 2190 T of 
Table I are rust inhibited petroleum 
oils that generally contain an oxida- 


gives 


lable Il—Viscosity-Temperature Characteristics of Polymer-Thickened 


Diester 


Fluids 


Viscosity, centi 


1210 F130 F!100F 


| 
Di-(2-ethylhexyl) sebacate 3.32 
Acryloid HF-845, 1.0% | 3.96 
Acryloid HF-845, 3.0% | 559 1 
Acryloid HF-845, 5.0% | 7.58) 1 
Acryloid HF-845, 10.0% 14.5 | 3 
Acryloid HF-845, 20.0% | 39.7 106 


7 Of 
9.3 
3.3 
&.3 
7.2 


20 F 40 F 


154 
185 
182 


445 1.410 
540 1,640 
740 2,320 
060 3,180 
2,100 
. 700 


60.9 
70.7 
99 3 
137 
290 


291 1,000 





Table 11I—Typical Properties of Standard Grades of LB-X Series Fluids 


Standard grade 


Viscosity 
Centistokes at Pitnawas er 5 


Centistokes at ome’ 29. 


Centistokes at 

Centistokes at 

Centistokes at 
Viscosity index 
Pour point, F....... 
Flash point, open cup, F 345 
Fire point, open cup, F : 410 
Specific Gravity, 60/60 | ee 0 


1,270 
5,100 
34,000 
140 
—50 


LB-140-X 


LB-300-X LB-550-X LB-1200-X 


18.8 319 

119 260 
8, 800 24,000 
47.000 


7 0 
8 0 


141 136 
—25 15 
490 490 

600 610 
985 1.001 1.007 





Table IV—Typical Properties of Standard Grades of 50-HB Series Fluids 


Standard grade 50-HB-170 


Viscosity 
Centistokes at 7 
Centistokes at } 36 
Centistokes at 1,100 
Centistokes at 4,000 
Centistokes at 20,000 


50-HB-260 


50-HB-280-X | 50-HB-400 50-HB-660 


11.5 

60.6 
2480 
9,800 


16.7 

86.6 
3,500 
14,000 


26.2 
143 
6,700 
26,000 


tion inhibitor and are commonly us 
for applications where mild tempe 
ture conditions prevail. The light 
viscosity grade 2075 H can be us 
under winter conditions. Compara! 
viscosity grades without the rust 
hibitor are used where danger 
water contamination is unlikely. T 
51-F-21 oil is a low temperatur 
polymer thickened, _ petroleum-bax 
fluid with a high V.I. (small temper 
ture coefficient of viscosity). It is 1 
quired in applications where the hy 
draulic volumetric efficiency would 
otherwise be decreased at low te: 
peratures if straight petroleum bas 
oils were used. The 51-F-23 fluid has 
even a higher V.I. and is useful 
systems which are particularly sensi 
tive to changes in volumetric efficien 
The other two fluids shown in this 
table are also polymer thickened petri 
leum fluids which are required for 
the wide temperature range over which 
they are used. The latter of the 
(AN-0-366) is an aircraft hydraul 
fluid which can be used at temperatures 
10 F. Its range of operatio 
er, limited to a maximum of 
low 


two 


below 

howe 
200 F, since viscosity, volatil 
base oil is required for the desired low 
temp erature properties. 

Although the hydraulic fluids of 
Table I are military specification oils 
similar fluids are available from tl 
oil companies under their own trad 


names tor commerc ial applications 
Diester Type Fluids 


Aliphatic diesters, developed by 
Naval Research Laboratory during the 
last war are low volatility, low 
point, high V.I. synthetic oils for us 
in liquid and grease lubricant 
positions. They are widely used for 
instrumentation, precision equipment 
and aviation control bearings operat 
ing over the temperature range 
to 250 F. Many of the diesters in the 
low viscosity, low pour-point range 
are much less volatile and have higher 
flash points, fire points and S.1.T.'s 
than comparable petroleum oils. De 
spite their comparatively high flash 
points, the oxygen demand differs lit 
from that of petroleum oils of com 
parable viscosities, so they are q 
flammable under some circumstan 

They are equally responsive to 
same types of anti-oxidants as mineral 
oils and the resulting solutions are 
just as stable to atmospheric oxidation 
over practically the same temperat 
range. Their lubricity is like thos« 
mineral oils, and many of the « 
mon effective wear preventive additi\ «s 


po If 


com 











are also just as effective in diester « 
The diesters mix with mineral 
in all proportions. They attack 
common types of rubber packings . 


150 144 

—35 3 —30 

500 430 

600 545 
1.04 1.053 


Viscosity index 156 
Pour point, F. F —45 
Flash point, open ‘cup ee 410 
Fire point, open cup, F 475 
Specific Gravity, 60/60 F. 1.030 
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joplastic resins like polystyrene 
lucite but not thermosetting resins 
the phenolics. 
y the addition of small percentages 
solymeric V.I. improvers such as 
solyesters, the diesters can be con- 
-d into more viscous oils with un- 
lly high V.I.’s. An example is 
a in Table II of the effects of the 
ester Acryloid HF 845 on the 
sity-temperature properties cf the 
jiester  di-(2-ethylhexyl) — sebacate 
tradenamed Plexol 201). The use 
f 5 percent of the polymer results in 
a oil with a V.I. of 173, a viscosity 
of 29.4 centistokes at 100 F and only 
centistokes at 0 F. Approximately 
5 percent Acryloid HF-880 could also 
e used to thicken another diester, 
di-(3-methylbuty!l) adipate to the vis- 
osity requirements of the aircraft hy- 
fraulic oil specification AN-0-366. The 
iddition of 10% of the same polymer 
would be needed to thicken di-( 3- 
nethylbutyl) adipate to meet the re- 
uirements of ordnance hydraulic spec- 
ition 51-F-21. The resultant fluids 
would be much less volatile and flam- 
ble than the corresponding petrol- 
um-base hydraulic oils, and the an 


oving tackiness problem would be 


greatly alleviated. However, their use 
would necessitate a change from the 
usual rubber packing materials 

Although diester-base instrument 
oils and ball bearing greases are now 
available from a number of com- 
mercial sources, none made up with 
polymers for hydraulics and other ap- 
plications have yet been marketed. 

Polyglycols and Derivatives 

A commercially available, non- 
hydrocarbon class of synthetics is the 
chemically related group of lubricants 
and hydraulic fluids marketed under 
the brand name ‘‘Ucon”. These chem- 
icals are polyethylene derivatives. Four 
series of these fluids are available: the 
LB and DLB series which are nearly 
insoluble in water, and the 5O-HB and 
75-H_ series which are very 
soluble. These fluids are available in 
a wide range of viscosities, with or 
without additives 

Although all four classes of ‘Ucon’’ 
fluids are useful as hydraulic fluids, 
the LB and 50-HB series are the most 
widely because of their very 
excellent V.I.’s, low pour points and 
availability. The DLB fluids, which 
have much better V.I.’s, are now avail- 


water- 


used, 


able in pilot quantities. Tables III and 
IV show properties of typical fluids 
in the hydraulic range. 

The commercial LB and HB fluids 
have flash points of approximately 325 
F for a fluid of 10 centistokes (cs) 
at 100 F, up to 490 F for fluids with 
100 F. 
Their fire points range from 375 to 600 
F. The S.L.7 from 720 to 
750 F, while the oxygen demand is 
54 percent for the more viscous grades, 
decreasing rapidly to 20 percent at a 
viscosity of 10 cs at 100 F. These 
fluids are good lubricants and, as the 
oxidation products are either volatile 
or are dissolved by the fluid, difficul- 
ties with sludge formation are rarely 
encountered. The LB fluids are used 
rather than the 50-HB water 
insolubility is desired. They are 
preferable where greater solubility in 
petroleum products is required. Table 
V shows the action of 


viscosities above 65 cs at 


ranges 


Ww he re 


also 


small swelling 
medium viscosity fluids on rubber 
of | con 

systems has beer 


The use 


hydraulic 


ies Of 


ecause fluids having viscosit 
at 130 F have 
1 


viscosities at +\ 
yf approximately 1 ’ cs. How- 
their visometric laracteristics 
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Table V—Effect of 


“Ucon” 


Linear Percent Swell 
Rubber 
LB-285 
Buna $ Rt 10 H 
| N 0 1 0 
Buty! Ot , ? 


+eoee 


ling 


~ §0-HB-260 


am Ne 


Lubricants on Rubber 


160 F 


20 days, 212 F 





lable VI—Viscometric Properties of a Methyl Silicone and Military 
Specification Hydraulic Fluids 





(b) Fluid foams and boils at approxin ate 


AN-P-79 rubber packings 
d) Present packings designed for this fluid. 


St ecification 
sity Requireme —_—_—_——— — 
§1-F-23 (Ord §1-F-21 (Ord AN 0. 366 Methyl Si € 
csat 210 F mir R Or 10 0 mir 5 .1* 18 4 
sat 130Fr 25* 20* 10.0 min 34.3 
sat 100F 1 40 7 14* 44.9 
sat 0 F max 1500 215 max 94* 160 
5 at 25 Pr max 7500 600 max 220* 250 
at 40 F max 500 max 355 
* Viscosity of a typical oil but not a specificat requirement 
Table VII—Comparison of Some New Aircraft Hydraulic Fluids 
Phosphate Ester Hexachloro 
Property Petroleum Oil IHydrolube - - butadiene 
An 0- 366 U-4 D' N” —_— 
\ ity, cs at 210 F 5.1 4.0 3.85 5.20 2.95 
130 F 10 mit 10 9.5 10.3 5.88 
100 F i4 17 15.0 14.7 8.54 
OF 90 245 285 108 75 
—20 F 165 610 950 195 160 
—30 F 250 1000 2256 290 240 
~—40 F 500 max 1850 6000 442 425 
Pour Point, F —75 max 60 60 —70 —65 
Flash Point, F(C.0.¢ 200 mir None 360 305 4 
Fire Point, F(C.0.¢ 215 None 470 365 t 
S.LT. i. 500 850 1300 887 1300 
Oxygen demand, 12 65 23-25 54 85 
Density, 68 F. 0.80-0 8&5 1.06 1.08 0.98 1.5 
Packing Materials Satis Satis Poor Poor Poor 
Wear Prevention Sat Pair Good Good 
Shear Stability Fair Excellent y00d 
Hydrolytic Stability Sat Satis Doubtful | Doubtful 
Cerrosiveness (72 2 hr at 212 F 
Cold Rolled Stee! Satis Satis. Satis Satis Sat 
Copper : Satis Satis Satis Satis Sat 
Aluminum 528-0. Satis Satis Satis. Sat 
Duralumin 24S-T Satis Satis. Satis. Satis Satis 
Cadmium plated steel Satis Satis Satis. DSatis 
Dow Metal C.. Satis Poor Poor Satis 
Dow Metal H.. Satis Poor Poor Satis Satis 
Tackiness Satis Satis Satis Satis 
Surface Tension (dynes, cr 28 31 32-33 32 
Foaming Test Satis Satis : Satis 
Rust Inhibition Test Poor No rust No rust No rust No rust 
Oxidation Stability Satis Does not apply = 
Miscibility with Pet. Oils Complete Ir iscible nplete Complete Cc ete 
) Does not have a true flash point, bur ind flame source 





Table VIII—Properties of Three Commercial Hydrolube—Type Hydraulic 


VISCOSITY 
Centistokes at 130 F 
oC 


Saybolt seconds 
@ 100 F. 
DENSITY, g ‘cc at 130 F 
at 100 F 
at OOF 
Freezing point, F 
Boiling point, F. 


Fluids 


Hy — ube 


> 
“anced 


1 
1.070 
1.085 
6 

1 


Hydrolube 
300" 


0s9 


below 


on 
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without impairiig 
their flammabality properties by bl 


ing with high boiling aliphatic diest 


an be improved 


Silicones 


The liquid organo-silicon poly: 
or “silicones” are widely known {or 
their remarkably high V.I.’s, low 
freezing points and oxidation sta 
ties. Because of these properties t 
have been particularly interesting 
uses in hydraulics. (See article ‘'S 
cone Fluids in Hydraulics and Lu 
cation’, Propuct ENGINEERING, | 
ruary, 1949.) These synthetics 
available in an extremely wide 
of viscosities in several chen 
varieties. The methyl silicones hay 
1e highest V.I.’s and lowest freezi: 
points and are in general preferable 
for most hydraulic applications. The 
methylphenyl silicones are more 
able for applications where tempera 
tures above 200 C (392 F) are 
countered. However, this increas 
stability is obtained at the expense of 
a corresponding decrease in V.I 
an increase in the pour point. Ca 
is required in their use for such app! 
cations, as the silicones are inf 
lubricants for steel sliding on stee 
“Stripped” silicones (volatile 
tion taken out) are much less flan 
mable than petroleum oils of compar 
able viscosities, and though they 
not resist all five flammability 
they cre usually flame resistant 
Effects of silicone fluids on stan 
O-ring rubber packings are minor 
ordinary temperatures, but as 
peratures rise above 140 F, increasing 


troubles are encountered becaus 
shrinkage and hardening. Asso 


with their abnormally low surface 
sions (19 to 20 dynes per cm as 
pared with approximately 30 for { 
leum hydraulic fluids) is the 
of the methyl! silicones to creep read 
over metal surfaces and throug 
mechanical joints. Silicones are t 
compatible with pet roleum oils 

In Table VI are given compar 
viscometric data to show that : 5 nel 
methyl silicone fluid can fill the vis 
cosity requirements of all high VI 
military hydraulic fluid specifica 


Phosphorus-Containing Fluids 


Because of their high flash p 
and reputed flame resistance, the pos 
sible use in hydraulics of a vat 
of available phosphate esters have | 
studied. Aliphatic phosphate es' 
like trimethyl phosphate, which 
a high phosphorous- -to-carbon rati 
significantly resistant to some 
hazards since the oxygen demanc 's 
47 percent and the S.LT. is approxi 
mately 900 F. Unfortunately, 5 
compound has a flash point of 


4 
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s a low V.I. and attacks packings. 
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in Table VII. 












leum hydraulic oils. 







characteristics and 










compounds ffr aircraft 







expected in the next five years. 





Halogenated Fluids 


All of the highly chlorinated fluids 
are nonflammable, are adequately re- 
sistant to atmospheric oxidation, but 
attack the commonly used rubber pack- 
ings. Many chlorinated compounds 
evolve vapors when overheated or 
ignited and these probably are health 
hazards. However, recently there has 
deen placed on the market a nonflam- 
mable hydraulic fluid “A” for air- 
craft, based on the use of hexachloro- 
butadiene and additives, having the 
properties listed in the last column 
of Table VII. This fluid is practically 
nonflammable to the fire hazards that 
may be encountered by commercial 
and military aircraft. It is miscible 
with petroleum-base fluids but there 
is still some uncertainty as to the 
toxicity in ordinary use or during over- 
heating. The fluid is reported to at- 
tack some rubber packings but to be 





















F, it forms acids in contact with 
er and it attacks the common types 
rubber packings. The aromatic 
ypound tricresyl phosphate which 
been used as hydraulic fluid in 
casting machines in recent years 
more fire-resistant and is stable, but 


Commercial grades of tricresyl phos- 
ite are high-boiling liquids (275 to 
)C at 10 mm Hg) having viscos- 
es at 100 F of approximately 26 cs, 
lash points approaching 500 F, S.I.T.’s 
ibove 1,000 F, and oxygen demands 
arying from 19 percent to 85 per- 
cent, depending on purity. The pour 
point generally ranges from —10 to 


Two less flammable hydraulic fluids 
have been developed. One fluid, ““N”, 
is a mixture of an organic phosphate, 
a di-ester and additives. The other is 
a commercial aromatic phosphate ester- 
base fluid, identified as “D”. The 
properties of these two fluids are given 
Both fluids will flash 
and burn when heated, ‘‘N” being the 
more flammable under these conditions. 

Both the phosphate ester-base fluids 
“N” and “D” are miscible with petro- 
Unfortunately, 
they also seriously attack the O-ring 
tubber packings used in existing equip- 
ment, and their adoption would re- 
quire the replacement of nearly all 
existing rubber packings. Fluid “D” 
is reported to have excellent anti-wear 
atisfactory shear 
stability. No information is available 
as to its tackiness, foaming tendency, 
or oxidation stability. Much industrial 
and government sponsored research is 
in progress on improved phosphorus 
hydraulic 
fluids, and further advances can be 
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satisfactory with others. It is reported 
that the fluid performed satisfactorily 
in a 3,000-psi hydraulic system operat- 
ing at i160 F. However, the volatility 
of hexachlorobutadiene would limit its 
usefulness at higher temperatures. 

The wide use of existing chlori- 
nated liquids in hydraulics will depend 
on the development and adoption of 
suitable packings and the observance 
of proper health precautions. 


Fluorinated Compounds 


Research programs on the synthesis 
and properties of organic compounds 
of fluorine were carried out during the 
war, and interest in the subject has 
continued to increase. The new com- 
pounds were studied for many possible 
applications, including dielectrics, plas- 
tics, stable heat transfer fluids, and 
nonflammable lubricants and hydraulic 
fluids. Hydraulic fluids made from 
completely fluorinated hydrocarbons 
(perfluorocarbons) are more stable 
than chlorinated hydrocarbons. 

Although relatively few pure per- 
fluorocarbons are available in quan- 
tity, enough properties have been 
studied to permit some generalizations. 
Mixtures of partially fluorinated hy- 
drocarbons could be used with addi- 
tives to develop nonflammable hy- 
draulic tluids. Although their high 
pour points may limit the temperature 
range of application, fluorinated fluids 
may prove useful as base fluids for 
high temperature applications 


Water-Base Fluids 


As water is an effective, cheap and 
stable fire-quenching material, it is 
easy to wale why it makes a 
“natural” base for non-flammable hy- 
draulic fluids. Ethylene glycol appears 
to be the most suitable material for 
developing a water-base hydraulic fluid 
because it is one of the most efficient 
freezing point depressants, it is pro- 
duced in large volume, and it is free 
from deleterious effects on common 
packing materials. It has a viscosity 
at 100 F of only 8.7 cs permitting the 
use of V.I. improvers; also an oxygen 
demand of 40 percent, and a S.L.T. of 
856 F. Only when practically all of 
the water has been boiled off can such 
solutions support combusion. In fact, 
a 35 percent glycol-water solution is 
a good emergency fire-fighting fluid 
for use at subzero temperatures. 

Lubricating properties of such solu- 
tions can be increased considerably by 
the addition of water-soluble polymers 
and wear preventives. As the variety 
of metals present in the hydraulic sys- 
tem is increased and as the require- 
ments are lowered for the pour point, 
the problem of improving lubrication 
properties becomes difficult. Corrosion 





inhibition of aqueous hydraulic fluids 
for aircraft is more dithcult than tor 
freeze solutions because ot 
variety of metals present 
An additional problem is encountered 
with interference between many cor- 


enyine anti 


the greater 


roson inhibitors and wear preventives 
In the construction of aircraft hydraulic 
systems, steel is replaced largely by 
aluminum (52S-O or 24S-T) and zinc- 
and cadmium-plated steel are often 
used to decrease electrolytic corrosion 
Some aircraft components are made of 
high magnesium alloys, and this makes 
the corrosion inhibition problem even 
more complex. 

Polymer-thickened, inhibited, glycol- 
water solutions prepared for hydraulic 
and lubricating uses were developed 
at the Naval Research Laboratory and 
given the generic name “Hydrolubes.”’ 
Improved Hydrolube fluids and varia 
tions for special purposes are under 
development in several industrial lab 
oratories. Hydrolube U-4, developed 
for aircraft use, performs satisfactorily 
in present hydraulic systems; however, 
the average pump life varies with the 
design. Gear pumps of manufacturer 
A can be operated for thousands of 
hours at 140 F and 3,000 psi, and 
manufacturer B’s pumps, if modified 
by cadmium plating of the helical 
springs, also operate 
under these conditions of pressure and 
However, piston pumps 


. ' 
Satisfactory 


tempe rature 


of manufacturer C have shorter lives 
because of wear in one heavily thrust 
loaded ball bearing. Vane pump wear 
is also higher than desirable This 
fluid has less effect on the syntheti 


rubber packings in use in aircraft than 
the present AN-O-366 petrol 
draulic fluids. It causes even less 
deterioration of natural rubber pack 
ings, and this is advantageous in many 
applications. The resistance of Hvdro 
lube U-4 to aircraft fire hazards has 
been fully confirmed by Civil Aero- 
nautics Authority tests, and its utility 
has been verified in a namber of naval 
planes which have been in operation 
for over three years with excellent re 
sults under all extremes of weather, 
speed and altitude 

Interest has grown rapidly for appli 
cations of these fluids on ships and 
submarines, and in a wide variety of 
industrial applications. One chemical 
manufacturer is already 
Hydrolube U for aircraft 
more viscous grades for industri: 
(see Table VIII). These 
being applied in die-casting machinet 
manipulators for iron and steel mills 


4 | 1 
fulic presses, furnace controls, coal 


eum hy- 
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machinery, and _ hydrauli 
tam ratire Le-ahan 
igh temperature applications 
are limited by the boiling point of the 
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ON THE SPOT in this interview were Robert Hose, Henry Dreyfuss, and John Beinert. Among his clients 
Dreyfuss can list such concerns as Bell Telephone Laboratories, the RCA Victor Div. of Radio Corpora- 
tion of America, Warner and Swasey Machine Tool Company, National Supply Company, and many others 


PE—Here’s an embarrassing question as a starter, Mr. 
Dreyfuss. Why should a company with an engineer- 
ing design department come to an industrial designer 
for aid? 


DREYFUSS—It’s not an embarrassing question. Many 
of them do not need to. Some of the larger companies 
have excellent industrial design departments. But the 
average company feels that. the industrial designer 
practicing today brings a different perspective into the 
picture. He brings an entirely different viewpoint. He 
is in constant contact with many different things and is 
concerned with the development of a large number of 
widely different products. All that would be difficult 
to have in a company unless it were very large. Of 
course, companies such as General Electric and Sears- 
Roebuck make so many varied products they can afford 
industrial design departments which in themselves are 
separate entities and almost resemble an office like ours. 

PE—Your business is, therefore, concerned primarily with 
small companies? 

DREYFUSS—Not small companies, but companies with a 


limited number of products. A company can be large 
and still make only a limited number of products, in 
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which case we can do a real job for them. W 
number of products is limited, the design e1 
usually do not have the time to devote to res¢ 
development and testing of competitive product 
fore we would design a television cabinet, w 
first go out and line up every other competit 
on the market and do a thorough customer res 
on it. We wouid then apply to that product our 
edge gained from this study, as well as 
gained by the design of many other products 
Now, let's take the smaller manufacturer, 
who doesn’t make many varied products. You 
design department at Sears or General EI! 
concerned with 2s many varied things as 
handle in this office. They might handle anyth 
in electric iron to a locomotive in the General 
industrial design department, just as we do h 
with the smaller manufacturer, that is not oft 
cast Remember that a designer's perspect 
given product is always contingent upon the 


his work with other products. 


In other words, he gets an idea from one fi 
he can apply to another? 
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HENRY DREYFUSS has some definite 
ideas on the sound approach to product 
design and on the role of the industrial 
designer : 
© Convenience of use should be the | 
first consideration when designing a 
product 
@ Manufacturing equipment available 
in a company’s plant or in the plants 
of its suppliers must be investigated 
e Form should follow function—not 
the reverse 


© Not every company needs the ser- 
vices of an industrial designer 

Here are the answers by one of this coun- 
try’s foremost designers and two key men 
of his staff, John Beinert and Bob Hose, 
to some rather pointed questions put to 
them by Product Engineering editors. The 
answers, obtained during a round-table 
“A DESIGNER'S PERSPECTIVE is always contin- discussion, clearly define the role, as welt 
as the relative status of the industrial de- 
signer in industry. 








gent upon the scope of his work with products 
other than the one on which he is working.” 


DESIGNER 


at Tigi 


\ p ] it is a feeling il approaclt I col ld oie . . 
DREYFUSS—Well, i PI ' 4 DREYFUSS—No quest 















walk vou around this drafting room and show you 

boy working on a silver spoon, who last week was PE—Is wl u start a desigr 

lesigning t parts tor a shy We feel it is best to let 
eople werk 01 things around here for that DREYFUSS—Well, technically it is we sta | 
easo It contributes something to h nowledge and ut it certainly all r < t 


PE 


DREYFUSS 





any industrial design project is to take the five ; 

; é; mvt ; . | 
that are the catechism of a good industr designe: : : re 
They usually are a surprise to man Tr} 








are amazed about it De 










we are just interested in what a product KS hike 









That is a consideration, but it is not the first sidera c 
tion. The vital factors are first, F 
including utility and safety; second, ease 
tenance; third, cost of manufacture at distributior 
and fourth, merchandising and competition. And last 
4 but not least, we consider appearance. We apply what wide 
‘ knowledge we have of form and line, proportioning PE--\\ 
and color to the other four factors. The fact that the : ations for a pr t s that g 
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FIG. 1—THE PROBLEM is the redesign of a vacuum cleaner 
for The Hoover Company. Basic functional requirements are 
discussed and specifications established with client engineers. 


FIG. 4—A CLAY MODEL is the next step. Appearance and 
clearances, both of which are of importance, need not be visu- 
alized—they can be seen—in a three dimensional model. 


be made this way, or that way, or this way, depending 
on the limitations of the equipment in the plant 


DREYFUSS—Oh, we might very well say to a manufac- 
turer, “Look, you ought to be making this out of 
plastic,” and maybe it would be worthwhile for us 
to experiment with some plastic. Maybe he doesn't 
go out and buy a lot of plastic equipment right off 
the bat, but he can buy production on the outside 


-If you took something like the Hoover vacuum 
cleaner, for example—if you started with that, would 
you set up a series of things you would like to accom- 
plish by a redesign? 


HOSE—Yes, we would. Now, we've worked for the Hoover 
Co. for many years, and are really a part of their 
organization. We know their future thinking pretty 
well. And if they are going to start a new, big- 
ger program, we are brought in at the very incep- 
tion, when it is just conversation. How big is it going 
to be? What market are they hitting for? What type 
are they going after? And I'll sit in to take it in with 


FIG. 2—PRELIMINARY SKETCHES establish general appear 
ance. Contour is lowered, weight decreased, color changed, 
and provision made for easier insertion of other attachments 


FIG. 5—CHECKING CONTOURS on the final model. By this 
time the major problems have been solved, only details need 


be checked prior to final tooling for quantity production 


the other people—with the sales department, ; 
advertising, manufacturing, production, and e 
ing departments, and they then put the 


compo! 
together 
cleaner 


what they think they want to put into 
From then on, working very closely with 
engineering group—the Hoover engineering gro 
we start devising a cleaner. We'll take the compo! 
parts in three dimensions and cover them with a 
or plastic, you see, because I believe that everyt 
should be designed in three dimensions as soon 
possible. Get it off the drawing board. 


PE— So you can physically see 

DREYFUSS—So we can physically see what's happer 
We can see what clearances we have. Then imn 
ately, I’d say hand-in-hand with all this tech 
information, we start thinking about the consumer 
person who is going to use it. 

PE—Do you actually question the consumer or user? 

DREYFUSS—We do on occasion. Or we ask our cl 


to question the consumer, or we suggest, if it is a 
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Let’s take appearar 

right through. How do yor 
things that you want to achiev 
ef the thing is concerned 
products you want bulkiness 
appearance movement 
texture hi you ment 


deciding s 


DREYFUSS 
designer 
I suppose it 
for instance, 
than others, and we 
hand, we know that 


because 


asking ; tt of questions 
teel by doing that you get 
] ha th } 


FIG. 3—TENTATIVE DRAWINGS are made to scale. Toler- 
ances and contours are checked to determine if they can be 
made without manufacturing difficulty and at reasonable cost. 


FIG. 6—THE OLD AND THE NEW. Note that the material 
and finish have been changed, wide angle lighting lens added 
for better visibility and the overall appearance is improved. 


that oul 
mn. And 
rk making 
ut many 
we price th 
What is the 
What color 
just this year on 


ner acceptance 


DREYFUSS— 


you really are settir up specification “oO , 


ample, that cleaner can 
cleaner: 


DREYFUSS—Oh, weight is very important. An 


i al 
sions are based on many considerations—the technical 
requirements, the time factor, the cost factors, the 
manufacturing limitations, and the promotional char- 


e 


t i rm al ine is designed 
actertistics. All of those factors are weighed constantly » that an operator star in tront of it, but at this 


throughout this entire development, right up through ne while 
the last stage where we are working on a small detail place the knobs 
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tually considered tl 
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PE—Let's assume 
ould be 
ichine after all functior ive beet onsidered 

Are there anv basi together 


to arrive at the best or most 


DREYFUSS—No, w: 

we try to follow 

“form follows functior Consider a_ ball 

{ the perfect shape for a 

rather complex device. It is thought of } ver npl 
but «it tuall l repre the 


part 


that 


that certain variations 


made t 
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ou trv 


shapes that y 
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pleasing appearance 
shapes that 


* ¢} ‘ + rohy + 


do not have any basi 
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\s e of t ‘ Ss i s 
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said, 
or example. It 


once 
represents 
simple 
element, 
example of the fact tl 
follow the purpose f 


HOSE 


now, 


i ' { We do not 
ot of knickknacks and gimmicks on 
to be d in the past 


Actually 


there is 


versation, and that is simplicity of form 
try to put ina 1 
a product as used 


e DV designers 


DREYFUSS—In so far as color 
ment represents a good example. A few 
all office equipment black. Now you 
that typewriters, dictating machines, 
ment are gray. There is a good 
We found that if there is a shiny black surface, light 
is reflected from the surface into the } 
operator. This induces fatigue and decreases efficiency 


is concerned, office 
years ago, 

will find 
and other equip- 


equip 


Was 
reason tor that, too 


eves otf the 


PE—-Well, how do you go about selecting a color. Wou 
you use red on a product, for example, to attract 
tomer attention? 


DREYFUSS—My answer, would be a definite “No”. 1 
tract a purchaser is one thing—but to consumate a salt 
is another. Experience proves that the consumer is 
usually conservative in his color selections and unless 
the product requires a brillant hue, we lean 
muted shades. The softer colors, gray, green, maroot 
and brown are better, and blue is coming into the pi 
ture. There are many examples where we changed just 
the color of a product and increased its sales 


toward 


PE—Sometimes you want a feeling of solidness. How do 
you go about it? Do you take off its legs and lower 
the profile of the product? 


DREYFUSS—We would never take off the legs because 
of appearance. If the legs do not have a function, or 
dirt collects under them, we might take the legs off 


and drop the mach‘ne down to the floor 


BEINERT—There is some freedom, however, in establish- 
ing the outline of the product, and we try to work 
within the limits of the product's function to achieve 
a pleasing design. 


PE—Do you use name plates or escutcheons to attract 
attention to the product in any way: 


DREYFUSS—tThe name plate is something that has to be 
on a product to identify the manufacturer, but we do 
not usually use it as an attention-getting device. We 
realize that it has to be put on and we try to come 
up with an attractive looking identification after the 
main form of the product has been designed 


PE—Is the next step to select the material for the product? 


DREYFUSS—Oh no 
take, the shapes 


first 
will be 


[hat is one of the 
that can be obtained 


steps we 
gov- 





a large extent by the material. For exar 
now that we can do certain things with plas:ics 
} 1 wit} ] 
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to select the material 
PE--Do you 
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go out on the market with his product and ent 
competition, knowing that it will sell. 
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HYDRAULIC METERING DEVICES are often used to reduce the effects of shock loads. (A) Redesigned seenorndla 
hydraulic-dampened telescoping absorber has proven more comfortable and easier to handle on rough roads. (B) Cross 


of front fork shows details; motion of the hydraulic plunger is controlled by orifices and jets which cushion impact 


Dynamic Effects Of 


Load Application 


The function of constant acceleration devices is to limit the maximum dy- 
namic forces that are imposed on a structure, yet sometimes they cause higher 


peak loads. How can these momentary, peak loads and stresses be calculated ? 


JOSEPH BROWN* There are many ways of 


Analytical Engineer, Naval Aircraft Factory rate of loading. Two typi al examples 
Philadelphia, Pa will be given to illustrate the effect of 
dynamic forces with the analytical so! 
tions of these problems. In addit 
: i 


the effect of a sudden application o 


MANY DESIGNERS attempt to incorpo- 
tate constant acceleration or constant 
f rce devices in their machines to re fone wilt he Gieramed These eathod 
“ ¢ the effect of imposed dynamic s} llustrate the importance of dy 
ads. However, the usefulness Of pj amic loads and be helpful to the d 
these devices can be overshadowed 

ply by a rapid application of force. | 


10uld 
signer in the solution of 
iems 


The problem of load application is 
e opinions and assertions contained herei . é -~ , 12 

ae enue of the are @ ‘ . a serious one, and every effort should 
mstrued ag official or reflec t ee ie wpe nrg 
ivy Mapasbased ev the Bovel Gereiee of lave be made to keep the rate of loading t 
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> Deflection 


—<_ 


(A) (8) 











After a number of vibration 
were slowly applied 


Fig. 2—Sudden application of force would momentarily deflect a simple beam (A) to position 4). 


(B) beam would settle to static position 4,. Beam would be alter natingly stressed much higher than if F 

















Force, F 











Constant force= 


follower ~ 
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Fig. 3—Schematic diagram of gun mount. 


thus producing the lowest forces on 
the structure. Actually, under these 
conditions the load is suddenly ap plied 
and momentarily the 
much higher than anticipated 

curved railroad 


stresses become 

The case of tracks 
also illustrates the problem cf load 
application. Years ago, railroad curves 
consisted simply of circular arcs tan 
gent to the straight sections. While 
the train was on the circular section, 
the centrifugal forces were constant; 
however, upon entering this curved 
section, both the train and tracks were 








04 


Y —Y) 
/ A, Yy 
Fig. 1—Dynamic application of force pro- 


duces a greater deflection than if this 
same force were applied gradually. 





subjected to a suddenly applied load. 
To eliminate this severe loading condi- 
tion, easement curves have been found 
to be necessary both for the entrance 
and departure from the circular path. 

With an understanding of the prob- 
lem of load application, two things 
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(A) Increasing force 
acts on beam. (B) Rate at which force is applied. ture. 


can be done: (1) design the machine 
to reduce effects of the dynamic forces, 
and (2) calculate and compensate for 
the actual peak loads that occur. With 
these factors in mind, more effective 
mechanisms can be made. This de- 
sign approach should result in an im- 
provement of devices which are re 
quired to absorb kinetic energy such 
as aircraft landing-gear struts, auto- 
motive shock absorbers, and catapult 
buffers. In this way, the design of cam 
actuated devices can also be improved 


Dynamic Load Calculation 


Since the internal stresses of a mem 
ber can be expressed as a function of 
the deflections, it is most convenient 
to use the deflection to express the 
effect of dynamic loads. In addition, 
the severity of load application can 
be best stipulated by an amplification 
factor, A, which is the ratio of the 
deflection due to the dynamic force 
and the deflection produced by this 
force, if applied gradually. This rela- 
‘ionship can be shown by: 


Ap 
As 


where Ap is the dynamic deflection 
and A, is the static deflection. If the 
load is slowly applied, then A, = As 
and this factor is equal to unity. 

If a given force is suddenly applied 


beam shown in I 
the beam momentarily deflects 
8» position and then after a 1 
of oscillations finally settles 
position. Under these conditions 
flections and also stresses occur w 
are much higher than 
conditions. In this cas 
amplification factor A is great 
one 

The value of the amplificatior 
tor depends upon the manner in 
the external load is applied. For 
calculations of this factor 
be made for three cases: (1) A 
denly applied load; (2) A load 
increases proportionally with time 
A load applied at a harmonic ra 


to a cantilever 


those 


static 


reason, 


Suddenly Applied Force 

A simple beam, as shown 
2(A) is subjected to a sudden! 
plied force of F Ibs. In this cas 
is the weight of the beam in lbs 
is the spring constant of the be 
Ib per in. This beam would 
deflect to the position of A 
However, at this point the mass : 
beam has acquired a certain an 
of kinetic energy and so it cont 
to deflect until this energy is abs 
in the deflection to the extreme po 
of A». This beam would then 
maximum potential energy and \ 
spring back towards its origina! 
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Fig. 4—Force on cam follower is affected by the type of curva 
Improper choice of curve can mean high dynamic | 
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as: 
and x 
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1. This beam would vibrate until 
omes to rest in the deflected posi- 


n, As. This vibration is graphically 

ywn in Fig. 2(B). 

Expressed mathematically: the sum- 

tion of forces acting at the center 

the beam (which is deflected a dis- 

ice of y) the differential equation 

motion is: 

y=F— Ky l 

rere the mass, m —= W/g and the 
cceleration, y = d*y/d?’. The gen- 
eral solution of this differential equa- 
yn iS: 


= Cy or = t+ Cyst \ e i 


r 

K (2) 
For convenience, K /m — a®. To deter- 
mine the integration constants C, and 
C, the values of deflection, y — 0 
when time, f 0 are substituted in 
Eq (2). 


Then, 
and C; = 0; 


he particular solution of Eq (1) is: 


F 
ache 1 — cos wi 


From this equation the deflection 
is a maximum ales COS wf is — 1 (or 
when wf = wr); under these condi- 
tions, the dynamic deflection A, = 
2F/K. Since the static deflection 
A, = F/K, it is evident that the ampli- 
hcation factor, A = 2 for a suddenly 
applied load, and the effect on the 
beam would be to double the stresses 


Applied Force Increasing In 
Proportion To Time 


In the case of recoil mechanisms of 
large caliber guns, the hydraulic shock 
absorber is designed with orifices to 
produce a constant load throughout 
the entire stroke. Fig. 3(A) will be 
used to illustrate the cantilever gun 
mount which has a large equivalent 

W 
mass, mm = that is subjected to 
g 
the recoil force F. The recoil force 
is controlled to vary with time to 
point ¢,, and then remains constant 
until the end of the stroke. This con- 
dition of loading is shown in Fig 
3(B). 

In this instance there are two dif- 
ferential equations of motion; first, 
during the period that the applied 
force, F is increasing: 

my = ft— Ky 


when? < 4 


and second, during the interval that 
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the force is constant and equal to this equation can be written: 
a= F,: 
es oe ae 
my =fth— Ky whent >& 5 a=lll-, 


The particular solution of Eq (5) 
has a larger value for the deflection 
y, than Eq (4). It is: 


, 


and so 
141 he 
the resulting dynamic force would be 


Weight of the follower is 


Since the constant acceleration force 
¢ is considered as applied, a 


used. This factor 


suddenly 
factor of 2 must be 
nrevionciy derive 
when ft >? was previously derived 
“—_ : ; ss If instead, this cam were designed 
This equation has been simplified by 


ee P to produce simple harmonic motion 
the substitution, »” — K/m. eel ae Ri, eRe 1d | 
2 : : the vertical displacement would 
To determine the time, ¢, when the 
deflection is maximum, Eq (5) is y = H (1 — cos 02 


A - 


differentiated with respect to ¢ and 
the value of velocity dy/dt — 0 is sub- 


where 


Differentiating this equation twice 
stituted. As a result, , , yk 
the acceieration would vd¢ 
wi -2*"r ; 
- df 
this value of ¢ substituted in Eq 6 _ ; ~ 
ae . as Substituting this in the to ew- 
gives the maximum deflection, SUDSICUTINE CS I . 
ton s iW if ‘a 


F, . 2 —_ 2 cos wh (7 . . ie 


The severity of load application in 























4 +} 
this case can be determined by the “SS © nt ally i ie 
ratio, A — Ymer/¥e: where the de ™ a ae SS eee 
flection from a gradually applied or ( } ) ( ri ) 
static load is, y, = F,/K. The ampli 4 
fication factor is: Comparing the effect of the forces 

$~14 \ al = Demet pi Ag ‘ | _ I Ss 
From this equation the amplification 
factor is at its optimum value of | ‘ 
when ¢, = 22, or 4r. ; ; -y 
Force Applied At A Harmonic «42 
Rate This equa llus ‘ 
The harmonic method of load ap suddenly applica (cons 
plication is useful in many phases of 0M) force pee eae sy Ae 
automatic machinery. Fig. 4 illustrates '5 O- Percent Higher than —_ 
a cam which is moving at a constant Were Aarmonically applies 
velocity V. In this case a com- In this manner otne . 
parison will be made between constant 4Malyzed to detern © mag 
acceleration and harmonic motion, Of forces that may be imposed on 
With constant acceleration [a} from a Structure. Besides $ ‘ 
to b, the displacement, [H]} can be ex- ¢Vident that designing const 
pressed by: eieration ne hanisms for s iN 
H=}taT the lower stress which is 
since the time interval, T L/V cher peak loads 
> = > = 
MAN’S FIRST VENTURE in the field of guided missiles « ed long 
before the development of the V-1 buzz bomb and the V-? rocket by 
Germany in the last war. Actually, neither of these weapons were ‘guided 
missiles in the modern sense of the word, because there was no means « 
determining and correcting errors in their cou \ bee 
launched. Our own armed forces sponsored with flying 
bombs and aerial torpedoes between 1916 and ssiles had 





many of the same characteristics of the later German variet 
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Fig. 1—To establish reproducible surface finish standards for manufacture of sliding parts, General Motors Research Laboratories 
has developed this machine which can rule up to 10,000 lines per inch in gold master blocks. The author is looking through 


microscope attachment at a specimen lying bencath the fine diamond cutter 


Electroplated replicas of these surfaces are measured 


Surface Finish and the 


Practical aspects of a new approach to the measurement, 


specification and application of surface finish control of 


metallic parts. Types of instruments, standards for various 


production methods, and physical properties relating to 


condition of the metallic surface are compared and evaluated. 


SEVERAL BASIC CONSIDERATIONS 
should be recognized by the designer 
before placing controls on the surface 
finish of a part. The most important 
consideration is: “Does the surface 
in question need to have a controlled 
finish?” One simple answer is: “If 
the surface has ever had to be refined 
to obtain the proper operating char- 
acteristics, then the finish must be 
controlled. 

If the design is new, the designer 
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must fall back on previous experience 
or experimental data. He must ask 
himself if the surface is to be sub- 
jected to wear and friction—what type 
and how much. Is appearance a fac- 
tor? Will the piece be subject to 
fatigue? Some of the effects of these 
factors on surface finish were discussed 
in the article “Surface Finish Control” 
by Dr. C. R. Lewis, which appeared 
in the August issue of Propuct ENGI- 
NEERING. See also ‘Surface Finish 


Definitions and Standards,” Retere: 
Book Sheets, p 163 August issue 
A second consideration :s_ the 
of producing a desired finish. Ofte 

a designer tends to “over-engineer 
surface, thereby increasing the 
with no significant increase in qual 
The cost factor becomes less import 
when quantity production is ant 
pated. 

How close to specify the surfa 
a third consideration important to 
designer. Should he go so far as 
tell the shop just what mach 
method should be used? In designa' 
ing surface finishes, the desig: 
should allow tolerances that are s 
ficient for practical machining opé« 
tions. As for the degree of contro! 
the designer should usually refr 
from dictating the machining met! 
to the shop. The shop supervisor 
a better knowledge of the capabil: 
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Micrometer anvils 
Mirrors 


Gages 


Shop gage fcces 
Comporator anvils 


Vernier caliper faces 
Wrist pins 

O-ring grooves -motion 
Hydraulic piston rods 
Railroad axles 
Precision tools 


Honed roller and ball bearings 


Crankshaft bearings 

Comshoft bdearings 

Connecting rod bearings 

Volve stems 

Cam faces 

Hydraulic cylinder bores 

Lapped roller and boil bearings 


_ Piston outside diameters 


Cylinder bores 





Spline shoft 

O-ring grooves-no motion 
Geor teeth 

Motor shoft bearings 

Ground roller and bail bearings 


Brok: drums 
Beamed holes 
Broached holes 


Bronze bearings 


Precision parts 


Gear locating faces 

Geor shafts and bores 
head face 

Cast iron gear box faces 
Piston crown 


Cylinder 


Mating surfoces-no motion 
Drilled holes 


Clearance surfaces 
~Rough machine ports 


(from B8reedston -see References } 


Fig. 2—Typical applications for various surface finishes. 


Because of the great 


variety of special conditions of use, these should not be considered mandatory for 


the applications indicated, but rather as the best average practice. 


Designer 


of his machines, and may be able to 
set up the work with less cost and 
fewer man hours by one method than 


another. However, where laboratory 
results or previous experience indicate 
that there is only one method of ma- 
chining that will do the job, the de- 
signer should indicate this on the 
drawing by a suitable note. 


Where Should Surface Finish be 
Controlled? 


Application of a specific surface 
finish on a specific piece does not 
imply that all pieces of a similar func- 
tion should be subjected to exactly 
the same treatment. A comparison of 
he finish requirements on the piston 
uns in two currently popular auto- 
nobile engines reveals a striking dif 
ference. One requires that the pins 
be lapped to four microinches rms 
roughness ; ’ 


the other is satisfied with 
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ROY P. TROWBRIDGE 


General Motors Corporation 


a grind of only eight microinches. De- 
spite the 100 percent disagreement in 
specifications, both piston pins give 
satisfactory service. This is possible 
because of the differences in general 
construction, which include type of 
bushing material, unit pressures expe- 
rienced, linearity of loading, amount 
of lubrication, operating temperatures, 
and many other factors 

It is difficult for any one authority 
to lay down any hard and fast rules 
for the application of surface finish 
because of the almost infinite vari 
ability of conditions that effect the 
application. James A. Broadston (sex 
References) observes that designers 
can help this situation by making intel 
ligent studies of surface finish applied 
to the products they design and | 


that this data is made availab 


to others through publi 
. ‘ 


nical p Specific 


seeing 
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cited in this article, but they should 
not be construed as making the par 
ticular finish mentioned mandatory for 
all similar cases. Fig. 2 lists some 
typical applications of surface finish 
Finer surface finishes permit greater 
allowable loads for perfect conditions 
of hydrodynamic lubrication, since 
there is less likelihood of metal-to- 
metal contact through the thin film 
caused by high unit loading. How- 
ever, the conditions for perfect lubri- 
cation seldom exist. Where only 
borderline lubrication exists specifying 
surface finish is more complicated. This 
is true in the cylinder of an internal 
combustion piston type engine. The 
rings, pressed tightly against the cyl 
inder wall, receive only intermittent 
and scant lubrication. Since 
mum cylinder should be perf 
round and _ there 
concentricity between the 
cylinder, 


the opti 
ctly 
should be periect 
piston and 
great care is exercised to pet 

radial 
ills. One 


ional wear 


fect circular rings with even 


pressures on the cylinder w 
designer believed that addit ar 
service life could be gained by making 

ll considerably 


the cylinder | surface 
I lind wa i 


smoother. The surface roughness ot 
the cylinder walls 
15 to about five microm 
and.a different process was 
obtain the finish. Practical 


led engineers to believe that 


was reduced 


hes aver 


proved surface finish was a great 
forward. In the field, however 
consumption was high from 
and never improved “he 
were scored, pistons 
scuffed. and the rings did not 
properly ' 

the geometric precision in productior 
was not equal to that obtained in mak 
ing the original test engines. Thus 
with present production precision, the 
cylinder walls should have sufficient 
roughness for seating the rings and 
equalizing any small geometric 

fection in However, 
too coarse cylinder wall surfaces lead 
to excessive initial 

rapid increase in clearance 

abrasive action of the worn 
meta! 


c = * > 
Improvemen f a product is no 


the 

Lhek 
lin 

CV Lith 


easily 


r sled 
reveaied 


Investigation 


imper 


the processin 


°C 
~ 


wear 


always svnonymous with refinement of 

An example is the re 
7, = 

duction gear scuffing experienced 


surface finish 


Packard when making Rolls engi 
during the war. The 
rejects on these particular gears afte 
the green was sometimes as 
as 30 percent. The 
finish specification 
the pitch line of the gear 
10 microinches rms. The gears were 
57 to $9 Rockwell C hardness with 


Hertzian | 


frequency 
run hig 
original surface 


ar to 


’ ' 
nerpendicu 
pert endrul 


tooth was 


tat > ’ ) 
oaaing up to <U 











the tooth 
hen shot 
e. The final 
geometry is ground 
grind so much as 
fillet of the tooth, 
rejected, Although not quite so cri 
surface finish control is necessary 
1] } 


ly hignily st membDers 
engines, suc 


Ila+ 
hliets 


atigue 
esign 


' 
than by 


f 
iled more by d 


edi Ries Mhacieteedlh Gaiman face finish control because the w 

Fig. 3—Profilometer measures average surface roughness in rms microinches and is Of parts is not as critical as i 

well adapted for shop use. Motion of stylus in tracer is relative to mean surface close tolerance 
quit in injectors and high | Physi 
sure hydraulic cylinders, it is desi which 


+} 


was too smooth and included t val ruid The roughness on the’ to control the surface 


much waviness. To improve the sur t metal should not be excessive after waviness. Low limits on 
tace finish, new roughness specifica bre: [ may dictate the degree of s 
tions were set at 15 to 37 microinches urface finish should be controlled but usually the surface fini 
rms. After effecting these and other here dry friction exists, as in brake be specifically designated 

important changes on the gears and drums, clutches, machine tool bits ace finish of interference fits shi means 


the method of run-in the scuffing was threading dies, stamping dies and rolls be controlled if the loading on the m 
virtually eliminated Uniformity and smoothness of opera int is to be severe, because th a per 
When operating steel gears with tion of friction devices, depends on gree of mechanical attachment dep ness I 
bronze, surface finish considerations the surface finish of the metal €1 lirectly on the surface roughnes lhe I 
are quite different. For long service ice life of cutting tools and dies 1 well as concentricity of the parts ment 
life of the steel-bronze combination, increased by improving surface finisl ntact fits, the degree of surface fir type ¢ 
the steel gear should be as smooth In addition to service life, the appear uffects the heat transfer characteris tion « 
as feasible, while the bronze gear sur ance of work produced by a die i It should be emphasized that the m 
latively rough. If the directly affected by the surface finis! rfaces do not require surface { age <¢ 
is not kept smooth, abrasive the die. This is true also for extr pecification. Even though a piec plezo- 
the bronze gear leads to and precision casting dies held to very fine tolerance, the de spons 
rapid tooth failure. This is true wher rT finish control is also applied yf face finish may be only an 
ever hard and soft metals must op- to parts subjected to fatigue stresses nct of the machining method 
erate together, such as in bushings and r example, in one set of aircraft lesignate all surfaces would 


Yj 
hth Yj C17 
f geometrico 
mch average peok- to 


ein fica! moan 
do ver a gnific 





150° - 
/7u"loss of «| rougness 
penetration height \ 


1a - 0.001 __ 
pitch 
(C) Vertico! section of surface finish specimen 


Brush Derelopment Company 
Fig. 4—Brush Surface Analyzer reproduces magnified trace of roughness profile on Fig. S—(A) and (B) Geometrically r 
direct inking oscillograph. Average roughness meter is also provided. This instru- specimens show recurrent pattern 
ment is adapted to inspection of microscopic surface irregularities on most metallic Demonstration of deep penetration 
surfaces normally encountered in machining operations. stylus tip in geometrically ruled specin 
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those surtaces that do need con 
and would unnecessarily raise 
duction costs. 


Measurement of Surface Finish 


Before the advent of the profile 
asuring instruments, machined sur- 
€ specimen comparators were used 
However. 
ause of the limitations of the human 
e and sense of touch, the typical 
ichined = specimen found 


king im accuracy. 


surface finish control 


sets were 


TYP! MENTS. The pres- 
basis of surface roughness control 
the stylus type surface measuring 

nstrument. the 


rYLUS INSTRI 


One ot instruments 
of this type is the Profilometer of the 
Physicists Research Company, Fig. 3, 
which has a diamond stylus mounted 
na suitable tracer head. The motion 
yf the diamond is measured relative 
to a mean surface established by 
y more shoes riding on the crests of 
the adjacent surface roughness. By 
means of a small voltage created by 
the motion of a coil in the field of 
a permanent magnet, average rough 
ness is read directly from a voltmeters 
The Brush Analyzer (Brush Develop 
ment Company), Fig. 4, is a similar 
type of instrument that measures mo 
tion of the diamond stylus relative to 
the mean surface by the absolute 
created by the 


[wo 


volt 


age deflection of a 


piezo-electric crystal. Within their re 


sponse bands, both instruments are 
very effective when properly calibrated 
However, in use in the field, it is dif 
ficult to obtain uniform results between 


Link Engineering Co Instrument Co 
Fig. 6—Comparoscope compares pilot 
specimen with unknown by placing mag- 
nified images in juxtaposition. Specimens 
are viewed through a single eyepiece. 


and Compar 
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7—Electroplated 
metrically ruled 


Fig. replicas of 


geo 


standard specimens. 


the two instruments and even between 
any two instruments of the same make 

The stylus type instruments have 
a definite cut-off point with regard to 
pitch or width of the roughness. The 
Profilometer response is linear up to 
roughness widths of »2 in., the Brush 
Analyzer up to 0.025 in. If the rough- 
exceeds these 
s will not be ob- 


checked 
widths, true readiu 
tained 

The Profilometer was primarily de- 
signed for shop use and readings are 
taken by traversing the workpiece with 
a hand held stylus head. However, a 
available. The Brush 
a motor driven tracer 
In addition to the aver- 
roughness reading, the Brush 
Analyzer equipment includes a direct 
inking oscillograph which reproduces 
a magnified profile of the roughness 
rhe oscillograph charts are ful i 


studying the character of 


ness to be 


: 
§ 


moto-trace 1S 
Analyzer 
eX¢ lusively 


uses 


ave 


A recent development is 

type instrument known as the 

corder, which has the added advantage 
of being able to measure waviness or 
long curves im a surface. The refer- 
ence surface of the Proficorder is 
established by accurately trued ways on 
which the pick-up head travels. The 
Proficorder produces a chart record 
of the surface from which both rough- 
ness and waviness can be determined 


TAPER SECTIONING. A 
method of determining surf 
ness is by taper sectioning, 
in the article by Dr 
August issue of Propuct 
ING. However, 
surface, taper 


more 


Lewis 

ENGINEER- 
tho 
Lai 


since it destroys 


to the researcher, but is impractical for 


production use 
GFOMETRIC SPECIMENS. Because of 
the lack of agreement between the 


various instruments, General 
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. , 1 
sectioning 1S of vaiue 


Motors 


Company 


Fig. &8—Microinterferometer checks sur- 


face waviness by diffraction gratings 


Resear h Laborator 


} 


searcn 


ies and Chrysler Re 


Section mbined thet 


have « 
efforts with electroforming expert 

lat 3 by 13 

specimens, having roughness values 
agreement with | 

in the SAE Surface Finish Standard 
(page 163, August PRODUCT ENGI! 
NEERING) from 250 microinches down 
to 5S microinches 
height. Produced 
a flat gold surface 


of known cross sectional angle, torm 


produce a series OF !f 


sret 


average roughness 
by ruling lines in 


with a diamond tool 


iped pattern hav 


and height 


LCOMCTi« 


etratior 
etracion 


Electroplate 











rta comparators check the 


tivity of the unknown. surface 
an approved pilot specimen of 
he workpiece. The Merz Pico and 
(omtor Comparator are instruments of 
he latter type. In both types the pilot 
specimen must be approved by an in- 
‘trument reading in micro-inches, if 
the surface to be controlled by stand- 
rd preferred roughness values. These 
nstruments are considerably cheaper 
han the stylus type, and although their 
eadings are not absolute, they are 
satisfactory for production runs 
Until the introduction of the Profi- 
corder, the optical flat was the only 
wccurate means of checking small wavi- 
ness on flat surfaces. If the optical flat 
s placed in contact with a wavy sur- 
tace of sufficient reflectivity in the 
presence of nonochromatic light, light 
ind dark interference bands from a 
contour map of the surface, from 
which total height and frequency of 
the waviness can be determined. A 
refinement of this principle is used in 
the Interferometer and the Méicro- 
interferometer (Bausch and Lomb) 
shown in Fig. 8. The main disadvan- 
tage of this method is that the surface 
must have sufficient reflectivity to form 
the interference bands. Roughness 
an be determined with the Micro- 
interferometer up to depths of approx- 
imately five times the wavelength of 
the monochromatic light. Beyond this, 
the pattern becomes too confused 
Dark and light field microscopy are 
also good methods of qualitative lab 
oratory investigation of surfaces. For 
quantitative analysis, Schmaltz (see 
References) developed the optical cut 
method of viewing a surface, while 
Way (see References) adapted the 
principle in his straight edge method 
In the former, a cross section of a sur 
face profile is obtained by projecting 
the image of a light slit on the surface 
at a controlled angle of incidence, and 
viewing the reflection through a 
vernier microscope. The latter method 
is to project the light at a controlled 
angle onto the surface over the edge 
of*a razor blade; the resultant shadow 
is studied microscopically. These 
methods are more adaptable to coarse 
surfaces—the lower limit is about 30 
microinches peak to valley 


OTHER METHODS. For production 
comparison of surface roughness, an 
air gage method is developed by the 
Sheffield Gage Company. In_ this 
method a constant pressure source of 
air escapes past a thin metal disk in 
contact with the surface. The metal 
disk is backed by rubber, which con- 
forms to the surface. The discharge 
of the air is mainly a function of the 
roughness of the surface. Magnifica- 
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trons up to 60,000 times the peak to- 
valley roughness have been obtained 
The gage must be suitably calibrated 
before readings can be quantitative 

Another qualitative method of 
studying surfaces is the use of a plas- 
tic replica of the surface. The Fax 
Film Company markets a set consist- 
ing of solvent, transparant acetate tape, 
holders and a comparison viewer which 
magnifies the replicas 30 times. Im- 
pressions of unknown surfaces can 
be stripped off and compared with 
penal surfaces, and accurate com- 
parisons may be made of surfaces be 
fore and after wear. This method is 
relatively inexpensive. 

A similar method is the use of a 
liquid casting plastic, of the polyester 
type, which is supplied as a two-or 
three-component kit containing resin, 
filler and catalyst. One kit of this type 
is marketed by Marco Chemicals, Inc. 
The catalyzed resin is poured against 
the surface to be checked, and re- 
moved when hard—usually in about 
15 minutes. A strip of cellulose tape 
forms “mold walls’’ and contains the 
resin until solidified. This method is 
used by the Navy to check wear on 
gear teeth especially. Advantages of 
this technique are: (1) Accuracy of 
the negative reproduction is well 
within that of existing measuring in- 
struments; (2) impression is durable 
and its surface can be tested with the 
Profilometer or Brush analyzer; (3) 
equipment is simple; and (4) inac 
cessible areas can be recorded 


How to Produce a Specified Finish 

Whether the machining operation 
is a coarse lathe cut or a fine lap, the 
same group of factors affect the final 
results, the difference being only in 


The Cincinnati Milling Machine Co. 
Fig. 9—Type 2, or continuous chip with- 
out built-up edge. The flow of metal is 
not greatly retarded by friction. 


the degree of coarseness. With du 
naterials and tool bit cutting, the id 
chip formation for the best  surt 
finish is the “type 2” or contin 
chip without the so-called built 
edge (Fig. 9). For non-ductile ma 
rials, the best surface finish is obtair 
when the pitch of the discontinuous 
type 1" chips is small. Roughness 
the surface in these two types is 
fected by the depth of the cut, 
sharpness of the tool, and the progr 
sion. Quite often, however, the idea 
conditions of chip flow do not ex 
then the “type 3°’ chip, having a bu 
up edge, is formed (Fig. 10). Fra 
ments of the built up edge remain 
part of the surface, accounting fo 
added roughness in the groove of t 
cut. Factors affecting formation of t 
built up edge are, in addition to tl 
aforementioned, speed of the cut, ang| 
of rake, temperature of the workpiece 
polish of the tool bit, lubricant, ar 
tool material. The chip is formed by 
shearing the material along a plan 
at an acute angle with the surface 
This angle depends on the ductility 
of the material, and the depth 
speed of the cut. 


In grinding and lapping operations 
the removal of metal its accompanied 


by deflection of the tool, workpic 
and machine within the elastic rang 
of each. The resultant vibration 
chatter is the prime source of wa 
ness in a surface. Deterioration 
the cutting edge of the tool, or 
ing of the grinding wheel, lea 
roughness and waviness. It is re 
ported that a close check on the roug! 
ness in the bottom of the cut, 
to the direction of the cut, 

the optimum service life of a 
chine tool bit by indicating the incre 


‘ 


} 
it 
1s 


The Cincinnati Mi.ling Machine 
Fig. 10—Type 3, or continuous c! 
with built-up edge. Frictional resista 
to flow of chip along face of tool is gre 
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Table I—Surface Finishes Available by Common Production 


ABRADED SURFACES 


L 
MACHINED AND : 
1000 


snag, sow, torch cut 





| Turn, shape, mill, bore 
Drill 
Reom 
Grind 
Hone 
Lap, polish, superfinisn 


SURFACES PRODUCED 
BY OTHER METHODS 


Sondcasting 

Forging 

Permanent mold casting 
Die costing 

Rotled and cold drawn 
Extruded 


Phosphate coated 


in the fragments of the built up edge 
This helps detect dull tools long be- 
fore the workpieces must be discarded 
because of excessive overall roughness 
or dimensional errors. 


A comparison of surface finishes 
available by common production meth- 
ods is shown in Table I, reproduced 
from the surface finish section of the 
new SAE Drafting Manual. (The 
major portion of these new surface 
finish standards are shown on pages 
163 to 167, August Propuct ENGI- 
NEERING). However, the limits of 
surface roughness obtainable by var- 
ious machining methods as indicated 
by the chart are not inflexible. Sur 
face finish is the result of a combina- 
tion of conditions; changing any one 
would result in a different surface. 

When setting up a processing pro- 
cedure to obtain a desired surface, the 
fewest number of steps is usually de- 
sirable. However, refining a surface 
in too large steps may damage the 
surface. For instance, in grinding op- 
erations successive steps should im- 
prove the surface roughness by not 
more than a factor of four. 


Non-Machined Surfaces 
In this article, the author had ma 
ined surfaces in mind for most of 
the applications cited. What about 
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Methods 


Microinches overage 


300 200 100 50 Bd 20 10 


50 30 20 10 


Crosshatching 
arene 
regue 


Microinches average 


the odd surfaces that do not fall 
within the range of these examples? 
This problem was discussed at an 
SAE Panel Meeting on Surface Finish 
(see References). For example, how 
can one obtain accurate control over 
castings, shot blasted, grit blasted, and 
similar surfaces by applying the writ- 
ten surface finish standard in conjunc 
tion with present day instrumentation 
At present the answer seems to be 
that these surfaces cannot be controlled 
merely by the use of symbols and in- 
spection by instruments. The 


m ; 
TOst 


practical way of controlling these 
faces 1s to inspect the pieces by com 
parison with approved specimens. It 
is likely that for 2ny one concern, con 
trol of such surfaces could be fairly 
effective, but for jobbers and suppliers 
perhaps physical specimens or replicas 
of the desired surface will be required 
with drawings and instr 

New i 

1) 


instruments and technique 
’ 1 ‘ , . 
will undoubtedly be developed in 


ctions 


ore genera! accept 
= 


methods will 


future, and a m 
day 


control and product 


of present 
improved 
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Nine Types of Ball Slides 








1 V grooves and flat surface make simple horizontal ball 


slide for reciprocating motion where no side forces are 


present and a heavy slide is required to keep balls in continu- 
ous contact. Ball cage insures proper spacing of balls; con- 
tacting surfaces are hardened and lapped. 


Load ‘s shored by 
ba//s contacting 
hordened ways 


Ball cartridge has advantage of unlimited travel since balls are free 
to recirculate. Cartridges are best suited for vertical loads. (A) Where 
lateral restraint is also required, this type is used with a side preload. (B) 
For flat surfaces cartridge is easily adjusted. 







Aajus ~.- 


screw 


Se 


Moving siide 


Double V grooves are necessary where slide is in vertica 
position or when transverse loads are present. Screw 


adjustment or spring force is required to minimize looseness 
in the slide. Metal-to-metal contact between the balls an 
grooves insure accurate motion. 


Movoble side 








Holds slide securely Out ange 
more difficult to machine 


Movable siide._ 


























(B) Simpler construction, 
but requires oad- 
ditional bearing 
for twisting loads 


4 Commercial ball bearings can be used co make 
a reciprocating slide. Adjustments are necessat) 
to prevent looseness of the slide. (A) Slide with 


beveled ends, (B) Rectangular-shaped slide 


acceuneee 





128 


Propuct ENGINEERING — SEPTEMBER, 





panener nee 
~eoosersceee 
| 
} 

 - 
\ 
\ 

\ 
Rati 
5 Slee 
reta 
ating m 
pe can 





FIG. 7 


- 
= 


rRO 








For Linear Motion 


























5 Sleeve bearing consisting of a hardened sleeve, balls and 6 Ball reciprocating bearing is designed for rotating, re 
retainer, can be used for reciprocating as well as oscil- ciprocating or oscillating motion. Formed-wire retainer 
ating motion. Travel is limited similar to that of Fig. 6. This holds balls in a helical path. Stroke is about equal to twice the 


wpe can withstand transverse loads in any direction. difference between outer sleeve and retainer length. 


Ball bushing with several recircu 
Snop-ring grooves lating systems of balls permit un 
simplify assembly : limited linear travel. Very compact, 
‘ 4 this bushing simply requires a bored 
hole for installation. For maximum 
load capacity a hardened shaft should 

be used 


K Cylindrical shafts can be held by 
commercial ball bearings which 
are assembled to make a guide. These 
bearings must be held tightly against 
shaft to prevent looseness. 


9 Curvilinear motion in a plane is 

possible with this device when 
the radius of curvature is large. How- 

Thomson Industries, Inc ever, uniform spacing between grooves 
is important. Circular - sectioned 
grooves decrease contact stresses 
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Die Forging 
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Design Details | 


hat Promote Metal Flow 
















Factors that influence the dimensions of corner radii at die sinker spends extra time blending 
; : : . ; rounded edges of different radii o1 
section edges and of fillets at intersections and junctions of dies, and such work should be avoid 
: : ; : when it is not necessary 
ribs and webs. Design of punch out holes in thin webs and There are designs where blendi: 


L , ‘ ; of fillets on a forging is necessan 
» ribs. Design proportions for forged pockets and recesses. fig > shows a typical example 
a which a heavy end rib requires a larg 


\. E. FAVRE, CHIEF ENGINEER; A. J. ORAZEM, DES'GN ENGINEER; fillet, while a smaller fillet is 

. along the adjacent tapered rib to pr 
vide a maximum flat surface on 
web. The two radii are ble 
IN ADDITION TO OBSERVING the design finished forgings that have such de- smoothly throughout the curved it 
rules for side draft, bottom draft, and fects must be rejected. section. This operation is don¢ 
the location of parting lines as dis- Adequate fillets between sections routine matter in die sinking wit! 
cussed in Part I of this article, PRop- minimize uneven shrinkage as the the need for an explanatory not 
uct ENGINEERING, August 1950, metal cools after forging. They also the drawing. For guidance of desig 
p 140, designers can promote the effi- minimize distortion later during the ers, minimum fillet radii are specif 


Forging Division, Aluminum Company of Amevica 

























cient production of die forged alu- quenching of heat-treatment. in Fig. 3. Adherence to these stand 
minum alloy parts by using generous Maintain a constant fillet radius on ards is usually essential to the prod 
fillet and corner radii. forgings to keep die cost low. The _ tion of sound forgings, and any rad 


Forming a part with abrupt changes 
in section from a cylindrical or rectan 
gular bar deforms the forging stock . _ . 
severely. The number of operations fillet SN Wier WAN} Wis 72" 
needed to bring the piece to its final ; j 
shape depends entirely on the design 
details of the forging. 

Liberal fillets on forgings, as shown 
in Fig. 1, allow the forging stock to 
follow the die contour while being de- 

4 formed. If a fillet is not large enough, 
the relatively sharp corner on the die 
may cause a momentary void to form 
beyond the bend in the flow path. 
When the die is filled, the void is 
folded shut, but it leaves a flaw in the ' 
forging. Such flaws, called ‘“‘cold Fig. 1—To emphasize the effect of fillet radius on metal flow, this forged sectior 
shuts”, do not weld together in the shown with large fillets on the left side and small fillets on the right side. 

aluminum and magnesium alloys, and steps demonstrate how small fillets may cause unfilled sections, laps and cold sh 
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Lorge fillet blended into smail fillet 
throughout curve (not specified on drawing) 





~ "Lorge fillet 
required by 
heavy rib 











| 


\\ Smal! fillet 


on tapered rib 
(constont rodiws) 


Fig. 2—When necessary to blend fillets of different radii, make 


ve change of radius at a corner between 


-H 
) Use filet rodivs FL ae 


Note: When A” is 


greater than 3x'B” ee 














ribs contine 
metal flow 
from the web 
use fillet 

=~ fodivs FR, min 











When opposing 
ribs do not contine 
the web, use fillet 
radius R, min 


uniform surtaces. 


-ol 
: Fig. 4—Where high ribs intersect at 
rib-to-web fillets have double the basic radius. Increasing these 
radii is required to prevent cold shuts at the rib intersections 


angles of 90 deg or less 
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heights apply to 
corners of 
different levels 


" 


>B - 





Parting ie 
found the ends 
of ribs to focilitote 
filling the die 
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Porting line 


On tapered ribs 
use height at the § 
pont as shown 


*\ Sizes of 
fillet radii 

required 

ore 
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height of ; 
the rib 
(or boss) 
above the 
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— next level 
be of an the 
forging. 
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H-height of rib (or boss), in, 


Fig. 3—Recommended minimum fi!let rad 
in confined and unconfined metal of die fo 


; 
i) 


+1 
) 


exceptions made only after 
competent forging supplier 

Where the m the 
gutter at the parting line is confined, 
use a radius equal to R, (minimum) 
for the rib-to-web fillets. If the forg 
ing stock must fill in ribs on opposite 
sides of the web before flowing out 
of the impression as a flash, fillets at 
least as large as R. are needed to as- 
sure sound metal structure. They pre- 
vent “flow through” with consequent 


StUL ‘ 


flow of etal to 
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channel or dish sections, may have 
minimum fillet radii equal to R, 
on boss height. 

Where ribs intersect, Fig. 4, the 
basic rib-to-web fillets radius is some- 
times increased. A corner with the 
ribs at right angles or at an acute 
angle, and with rib heights of one 
inch or more, is made with a rib-to- 
web fillet of twice the radius used on 
the straight portions. Increasing these 
radii is required to prevent cold shuts 
from occurring at the rib intersections. 


corner radii on forgings 


based 


Constant 


thickness * 


Minimum web thickness of aluminum die forgings based 
on parting line areas. Punch out holes not included in plan area. 
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save time in die sinking. It is more 
difficult to blend radii in the die fillets 
that form corners on forgings than 
to do the same job on projecting corn- 
the die. Hence, blending of 
corner radii on the forgings should be 
avoided if at all possible 

Minimum edge radii are established 
on the basis of facility in filling die 
cavity and reasonable die life. A sharp 
edge or corner on a forging must be 
shaped by a correspondingly sharp 
fillet in the die. Forcing the metal into 
a small fillet, which is the last part 
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out after 
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web metol to gutter 
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Height of center rib, $ x H mox.—----- 





(p) “Might of end and center ribs, H--~-———- 


Fig. 8—Designs for forgings that must have thin webs and ribs. 


webs and punch-out holes. 
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(B) Proportions for center, side and end ribs. 
holes used to reduce weight and to aid production. (D) Hub forging with punch-out. 





(A) Use of tapered 
(C) Punched 


“Defect known as 
“flow through” 


7—Die checking and flow through that are associated with 
ribs or wide thin webs. Thin sections impede the flow of metal. 


of the die impression to fill, may mak 
it necessary to 
pressure. The force exerted by meta 
under pressure, combined with 
stress-raising corner effect, can 
velop checking or the formation 
small cracks in the die after a pr 
hibitively short life. For these reasons 
full radii at the edges of ribs and well 
rounded corners on other sections ar 
essential to forging economy. Fig 
specifies minimum edge and cor 
radii for good metal flow. 


1 


The corners of wide flanges, bosses 


and large rectangular sections imp< 

more severe loads on die fillets thas 
do rib edges. 
to fill first, and the subsequent 
sure required to fill narrow rib 


tions creates excessive forces in already- 
Wide sections should 


filled cavities. 
have radii 
values of R, 


design, 


at least as large as 
given in Fig. 5. In eacl 


and the parting line. 

The top or edge of a rib should | 
rounded with a minimum radius 
Ry, the value of which depends 
rib height measured from the parti: 
line. The end of a rib should 


rounded to avoid a deep corner pocket 


that would be difficult to fill. TI 
end taper should have a radius eq 
to at least three times the edge rad: 

Minimum edge radii limit the 
of excessively thin high ribs. Wit 
full radius at its edge and a stand 
draft on the sides, a rib cannot 
thinner than twice Ry. A thicker 
may have a flat edge with two cor 
radii, each equal to Re. A full rad 
equal to half the rib thickness is n 
more desirable. 

Thin sections of large area 
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the minimum radius depends 
on the distance between the surface 
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ily in the forging dies. They need 
ated high pressures to 
ge them down to size This cool- 
and this operation can impose ex- 
sive strain on dies and equipment, 
may cause other difficulties 

Dimensional tolerances of a 

» are hard to maintain because the 

b cools and shrinks faster than 

ier portions of the forging. While 

remainder of the forging is cool 
normal shrinkage is partially re 
ained by the web, and the piece 
comes out with abnormal dimensional 
relationships. Thin sections are also 
susceptible to warping in heat-treat 
ment. They may have to be straight 
ened, which is difficult and expensive 

Minimum web thickness, in general, 
depends on the size of the forging ex 
pressed as area on the parting line 
Fig. 6 gives recommended limits for 
thin webs. Note that punch-out holes 
are not included in plan area when 
minimum web thickness is determined 

Die life is reduced when deep, 
thin ribs are forged. The force that 
is needed to fill a deep rib cavity, 
especially when it is adjacent to a very 
thin web, results in severe die stresses. 
For this reason, ribs that are next to 
very thin webs should be made as wide 
as possible and as low as the design 
will permit. 

Flow through is a type of forging 
defect that may be caused by insuf- 
ficient rib and web thickness. Cooling 
of the metal during reduction of thin 
sections increases the metal flow re 
sistance. As shown in Fig the rib 
metal may cool (with or without fill- 
ing the section) before the 
forged down to size. Then, further 
reduction of the web forces excess 
metal past the bases of the ribs into 
the gutter, which is the path of least 
resistance. Each rib has an area of 
ruptured metal at the base, and the 
forging cannot be used. 

Helpful design methods for forg- 
ings that must have thin webs and 
ribs are shown in Fig. 8. A tapered 
web or a punch-out in the web will 
make the | scam problem less severe. 

Center ribs, which may be needed 
for strength, should be less than half 
the height of side and end ribs. Fig. 
8(B) shows the type of rib, sur- 
rounded by other ribs, that is covered 
by this rule. It is possible to forge 
center ribs more than half the height 
of the surrounding bosses and ribs, 
but such a design invites considerable 
forging difficulty. 

A punch-out is a sheared hole in 
a forged web. The web is preformed 
with a depression or pocket, leaving 
only a thin panel to be punched out 
in a separate operation. 

Thin webs confined by ribs are 
much easier to forge if provided with 
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Fig. 9—(A) Proportions for forged pockets. (B) Keep recesses as smooth and simple 
as possible. (C) Proportions of bathtub type forgings when parting is at rib edges. 


punch-out holes. Punch-outs are also 
highly recommended on very large 
forgings. It is customary to pierce the 
hole first, during the preforming 
stages of making the forging. Then, 
in the finishing dies there is gutter for 
flash around the periphery of each 
hole. With this arrangement, excess 
metal from the web can escape easily 
Additional paths for excess metal 
minimize the harmful tendency to 
flow through at the bases of ribs, and 
they facilitate working the forging 
down to size. The flash in the hole 
may be trimmed along with the flash 
left on the outer parting line. 

Punched holes in webs and flanges 
are used to reduce weight or to pro 
vide clearance as well as to aid pro 
duction Fig. 8(C). Where very high 
strength is desired, such a hole can 
be reinforced with a bead like the 
one shown. The bead should | 
blended into the web with a large 
fillet to prevent flow through, which 
has a tendency to occur at these lo- 
cations. 

Hubs and bosses may have punch 
outs to facilitate boring and other 
machining that require through holes, 
Fig. 8(D). The punch hole will leave 
a ridge at the fillets; this ridge must 
be removed by machining if its pres 
ence is undesirable. Generally, 
punched holes detract f 


ye 


these 
from rather 
than add to the ease of forging 

The proportions of forged pockets 
that govern the depth of forged re 
cesses left for piercing are given in 
Fig. 9(A). If the part is so simple 
that only a finishing impression 
necessary, the web to be punched will 
need generous fillets where it 
the boss. 

Recesses in forged parts are formed 
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by corresponding raised sect 


“plugs” in the dies. In the 

of die life and reliability 

pocket should not exceed 

of its diameter or two-thirds of 

average width. Simple contours 

generous fillets are recommend 

9(B), they permit the 

of massive, durable die shapes, 

they also promote metal flow 
Dished or bathtub type 

like the one shown in Fig 

impractical when the wall 


because 


become too heavy. The 


be no thicker than 
can be forged 
and later mact 


Aluminum 


1 
tial increase 


extra-! 


ity. through 
structure in 
design and 
worked out 
should 


most sever 

















forgings, however, transverse tensile 
and yield strengths are practically as 
great. Tests of both polished and 
notched specimens have established 
that there is no consistent difference in 
fatigue properties that can be related 


sections, to keep the grain flow lines 
smooth, uninterrupted, and parallel to 
the applied stresses. Occasionally, the 
flow characteristics of forged metal 
near the parting line assume impor- 
tance in the design. 


machined to a thin wall, the « 
metal left in this area has the sha 
interrupted grain structure created by 
flow out into the gutter. A tendeng 
to develop seepage or small pin | 
leaks under high pressure may re 


from this condition. 

The remedy is to leave a bead al 
the edge of the cylinder at the parting 
line. The bead may be machined off 
later to improve appearance or to sa\ 
weight, but the bead will have served 
its purpose by removing the parting 
line irregularities a short distance away 
from the cylinder wall proper. Th 
grain of the metal behind the bead i: 
transverse to the stressed direction, 
it is smooth and sound. 


to the direction of metal flow lines in 
the forging. Other important proper- 
ties show a substantial difference, de- 
pending on the direction of stress. 
Ductility and impact strength are both 
higher measured parallel to the grain 
of the metal. 

Forgings subject to heavy loads or 
impact are therefore designed with 
careful regard for the directions of 
metal flow in stressed areas. Care is 


Forged pressure vessels or hydraulic 
fittings, for example, often require 
special attention. If there are several 
cylindrical chambers in the part, it 
will not be possible to forge the in- 
teriors of all the recesses in the same 
way that pistons, for instance, are 
handled in a mechanical upsetter. In- 
stead, the chambers are machined out 
of solid cylindrical forged sections. 

When the portion of the cylinder 
that is adjacent to the parting line is 


taken, especially at fillets and reduced 





























Applica 
Two-Tooth 

IN a] 
C; S NEERI 
ear Systems ee 
were ¢ 
S. RAPPAPORT duty c 
Ford Instrument Company must | 

does 

THE PROFILE OF A GEAR TOOTH is determined by usual 
tht laws of kinematics under the assumption that carryil 
two coplanar pitch circles roll, without sliding, | In 
around each other in opposite directions at equal motor 
circumferential speed. But what happens to the rately 
gear system if this assumption is modified by the ment 
condit:on that the two planes must rotate at equal istics « 
speed in the same direction? this ii 
Applying the laws of relative motion in the (A) can d 
diagram, Fig. 1, the point P is located at distance r power 
from the rotating center A of one plane. Relative Fig. 1—Diagram (A) shows location of contact point P in two coplanar The t 
to the second plane, which rotates around center B, pitch circles. Three laminations (B) are used for constrained motion alent 
point P describes a circle having the radius rv 2. ong 
But the two gears generated using radius ry/ 2 0 
do not make up a constrained kinematic chain ane 
because the movement of one gear does not com- Ehed 
pletely control the movement of the other. To — ase 
make one gear precisely define the movement of me ale . Hi! 

the other at all times, each gear must consist of a A 

set of at least three two-tooth gear laminations. : Wh 
The latter are spaced at equal angles around the lb-ft ¢ 
gear center as shown in Fig. 2. { j RP; 
Four of these laminated two-tooth gears mounted . The 
in mesh with their centers at the corners of a of an 
square fulfill the original condition as stated above. nse | 

If one of the four gears is rotated, the other three tion 
will turn in the same direction. Similarly, five or 6 ib 
more of these gears arranged, in mesh, around a abs 
circle would increase the number of centers. = i 
Although there is an inherent high friction loss adic 
due to the constant sliding of the tooth tip of one _ 
gear along the face of the other, which results in mz Pp 
very low coefficiency of the gear system, there are acceler 
undoubtedly possible applications for this type of ow 
gear mechanism. It is not suitable for use as a 1 

— transmission element, but the pocket formed r 
etween the teeth as they rotate could conceivably Wish? Mechta = “ 
be utilized for metering semi-solid materials. Fig. 2—Four or more gears equally spaced on a circle have same rota are eq 
Propu 
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Determination Of 


Motor Horsepower 
From Duty Cycle 


L. H. BERKLEY 


Application Engineer, The Master Electric Company 


IN a previous article (PRopucT ENaI- 
NEERING, Aug. 1950) duty cycles for 
varying loads and frequent acceleration 
were discussed. A third type of severe 
duty cycle is one where the drive motor 
must plug-reverse. The motor actually 
does the braking in addition to the 
usual functions of accelerating and 
carrying the load. 

In plug-reversing applications also 
motor rating can be calculated accu- 
rately if the duty cycle of the equip- 
ment and the torque-speed character- 
istics of the motor are known. From 
this information, the design engineer 
can determine the equivalent horse- 
power of each part of the duty cycle. 
The root-mean-square of these equiv- 
alent horsepower values is the motor 
rating required to drive the equipment 
without overheating. 

The formula for equivalent horse- 

wer during acceleration was estab- 
lished in the previous article as: 


HP, = Tow X RPM 
~~ $5,252 @) 


Where T.., == average torque 
lb-ft delivered during acceleration. 

RPM == rated motor speed, rpm. 

The heating during a plug-reversal 
of an induction motor is somewhat 
more severe than that during accelera- 
tion. Accordingly, Formula 4 is modi- 
fied by a multiplying factor of V1.5 
(or 1.225) in calculating equivalent 
horsepower for plug-reversals. This 
indicates that the average [°R loss dur- 
ing plug-reversal is 1.5 that during 
acceleration. The factor, which works 
out well in practice, is based on several 
assumptions: 

1. During acceleration, the rotor 
and stator [*Rt losses (watt-seconds) 
are equal. Actually, the relative mag- 


Propuct ENGINEERING — SEPTEMBER, 


TYPICAL SPECIAL PURPOSE MACHINE TOOL employing a 
number of motors in a coordinated operation. In many such cases 
the duty cycle of each motor must be analyzed individually 


nitudes of the two vary somewhat with 
the design (B, C or D) of the motor. 
2. RMS stator current during plug- 
reversal equals that during accelera- 
tion. Current during plug-reversal is 
actually higher because of the higher 
current during the plug-to-rest period. 
3. Rotor PR¢ losses during plug- 
reversal is four times that during ac- 
celeration. This can be proved mathe- stator [Rr loss is twice 
matically. acceleration, or a total of 
4. The duration of a plug-reversal rotor 
is double that of an acceleration. Ac- acceleration, or 


tually, the plug-to-rest peried is some- 
what shorter than the acceleration 
period. It will be noted that the in 
accuracies of assumptions and 4 
tend to cancel one another 
Considerir.g the total Rr loss dur 
ing 
rotor 


half 
one-nail 


acceleration as unity, stat 


each about 
During pl 


g plug 


losses are 
reversal, 
that during 
one 


loss is four times that 


Rotor 


two 
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losses total three, indicating that the 


Rt loss 


times the Rt loss during a 


) 1 | 
during a plug-reversal 15S 


three 


eleration. Since a plug-reversal lasts 
twice as long is an acceleration, the 
rate of loss (/*’R) is 1.5 times the [’R 
during acceleration. Because equiv 
alent horsepower varies as the square 
root of the losses, the equivalent hors« 
power during plug reversal is \/1.5 
that during acceleration 

Therefore, during plug reversal of 
Design B motors 


= Tere X RPM 
HP, ew V1.5 — 


5,252 
Toro X RPM ” 
4,290 . 
- Lave » sam 
225 — H Prated 13 
: Trated ; 


And, during plug-reversal of Design-D 
motoss: 


a >y 
HP, = 0.75 X15 2X REM 
Tony X RPM 
4,950 on 
= 1.06 Tavo Hf Pratet (15) 
rated 


Except for these formula differences, 
the analysis of a plug-reversing duty 
cycle is similar to one involving fre- 
quent acceleration. 

Reasoning similar to that used above 
for plug-reversal is also applicable to 
the plug-stopping of induction motors. 
It can be determined that the total 
FR loss when a motor is plugged to 
a stop is about 3.5 times the /’R loss 
during acceleration. Therefore, dur- 
ing a plug-stop of a Design-B motor: 


= Taro X RPM 








And, for Design-D motors 


J X< RPM : 
HP, : 240 18 
T 
= 1.62 H Pratea 19 
] Tat a 


rhe basis for calculating equivalent 
horsepower of Design-D motors dur 
ing acceleraton and plug-reversal was 
given in the first part of this article 
In applying the formulas, it should 
be borne in mind that there is no 
definite dividing line between De- 
sign-B and Design-D motors. There 
are many transition designs used for 
certain applications. 


Plug-Reversing Application 


A medium-size lathe, used for high 
production machining of small metal 
fittings, was powered originally by 
a two hp polyphase gearmotor. The 
motor operated at 1,725 rpm while 
518 rpm was the countershaft speed. 
The countershaft was belt connected 
to the lathe spindle. The high pro- 
duction rate of 180 pieces per hour 
was found to cause severe overheating 
of the motor. The problem was to 
select the proper motor rating. 

The torque-speed characteristic of 
the Dxsign-B motor is given in Fig. 
7, while Fig. 6 shows the equivalent- 
horsepower duty cycle. Note that the 
motor is never idle. The fitting to be 
machined is manually threaded onto 
the spindle. After it is machined, the 
motor is plug-reversed and the fitting 
removed in similar fashion. The 





HP, = V3.5 motor is then again plug reversed and 
ss as another fitting inserted. 
_ Tee X RPM 1 Calculation of the rms horsepower 
‘ 2,810 = follows the same pattern as for fre 
, — 
80 
5} 
60 
4 
itting| Fitting | Fitting 40 
machined} filed 
from 20 
3] ; 
° 


Equivalent ood (hp) 


O4np O.4np 


























Q4hp 


) 
“20 


Speed (percent rated) 

















‘Time (sec) 





Buration of duty cycle ———> 
a ree ee oe ae 


Propuct 


quent starting. The 
power during plug-reversal 1s 
14.4 X 1,725 
HP, = = 
4,290 


=a 5 ; 


From knowledge of the gear 
acteristics and the machine, the 
age friction load at the motor 
during acceleration is estimated a 
lb-feet. Hence, the torque ava 
for acceleration (7,..) is 12.9 ll 
From the weights and dimensior 
the pulleys, the total effective ir 
at the motor shaft was calculate 
be 1.28 Ib-feet?. 
time, which is approximately twic 
accelerating time, is therefore 


.. WRxS 
sii 308 Tac 
_» 41.26% 1,785 
~ “a x 32:9 
= l 11 sec 


The equivalent running friction 


The plug-reversi: 


the machine at the motor shaft is 1.2 


lb-ft or 0.4 horsepower. This is a 


ils 


used as the horsepower during 


filing operation since the additiona 
load caused by filing is negligible 


From tests during the peak load 
was determined that the motor 


Wa 


running at 250 percent load (5.0 hy 


and at 1,500 rpm approximately 


7 


equivalent horsepower during the o 


load period is then: 
HP, = Actual Peak HP X 
Spee d at I ull Load 


Speed at Overload 


1,725 
=‘5S50* U 
: 1,500 
= 5.75 hp 


Using the above data, the 
alent horsepower duty cycle of | 
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ited as follows: 
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Customer: KYB Fyuvvines, Tec. 


Machine, “Pw Pronuctrion LAT “a 


HP,)?t, + (HP»)*t:. . .(HPa)?ta 


|General Ioformtion (mR, loads, duration, etc. )s 
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Durs Cvere- See Fire 
Tore. Errectve We? = 


74.4) + (12.2 





Vo §(1.11+1 ~ (1/ ( } Sguiv. Torjue!| Equiv. HP 
Part of Cycle __| Note | Ft-Lbe. | Wote] KF 
|_Acceleration 


Y 42 + 
first term of the numerator repre Y Runnd ng te 7 
s the two plug-reversals. mm. ~ re) 


Tha . sacl - / / Plug-Stop _ (o) 
Ihe second term, the periods of ee eee | 
load; and the third term; the Farin. Sen) as 4 
seriod of overload. —+ are 


The first term of the denominator ep Se mtGs 

esents the plag-reversing time and 

he second term, the remainder of the 

juty cycle when the motor is running 
near rated speed. 
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This load represents a continuous 
erload of 80 percent on a two hp alter} BPS ¢ 
notor, which is obviously insufficient i 
for the duty cycle. Note that the 


att > + Nia , ‘ ’ 
—s. due es the steady or uae... (a) Time sequence = let (1), 2nd (2), ete. Such informtion es running torjuw or 
neriod is 2.2 times the heating during horsepower, duration of running period, 


} : tante (K - Bquiv.Tise ) te. muet be furcished ty user or estad- 
he accelerating period. Consequently, Cee oS Ce E> Saree Snaithh hnb-ahennneiitinn eeiiniihe 
ttle reduction in rms horsepower can 


I é at full i 
: . DESCRIPTION ROWNTWS | ACCELERATTW (g) at owerloed, MP, = EP, eS 

»¢ effected by using a Design-D motor, or wren aang AH oy . peed et overt 
wen if it reduced the he ating during pelr-venti late 
up to 10 HP 0 0.5 
above 10 HP 20 0.67 
itthermore, a Design-D motor is un Forced-venti let For Design-D: 


° . ° . all ratings 1.0 1.0 es 
lesirable because the high slip during e _wtm’s 
: See Speed-t : p-r- TY 
erload reduces production a ° 





otal Equiv. T 








) For Design-A 


cceleration as much as 25 percent 

















A three hp Design-B motor may be (4) For Desiga-k or-Bs MPp=_Teype UN (4) (J) For Desiga-A or ~Br EPg 
tisfactory. Such a motor increases mo ten®® ap i dad 
e relative heating during accelera- fore 2°) 
yn (because its WR’ is higher) and 
luces the equivalent overload (be- 
wise it will operate at a higher speed) 
To ascertain whether or not a three 


(e) es (8) 


ace 


WORK SHEET for equivalent horsepower analysis of duty cycle 
required formulas are included. Sheets such as this are invaluable 
engineer seeking a rapid, yet accurate, guide for duty cycle analysis 


Shp, 1,725 
ign-B 


Fig. 6—Duty-cycle of medium size high 
production lathe originally powered by 
a 2 hp, polyphase gearmotor. At a pro 
duction rate of 180 pieces per hr, the 
motor overheated 


Fig. 7—How torque-speed characteristics 
of Design-B and Design-D motors com 
pare during plug reversal. Plugging 
speeds are shown negative to indicate 
that torque opposes rotation during the 
plugging phase 


Roted réehole6.1 1o~ft BEE 
| __Roted TIShpG.2 b-fh 
Tong (3 hp)*23.0 lb-ft 


ae Te ee Oe ee aatinine 





\— —— —— 











12 16° 20 
Torque (ib-ft) 


Fig. 8—Torque-speed characteristics of 
two hp and three hp four pole motors 
These curves are necessary for calculating 
motor hp from duty cycle 
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hp Design-B motor will do the job, 
the analysis is repeated. In this case, 
the rms horsepower is calculated to be 
3.78 horsepower. 

The rms horsepower is increased 
slightly because the increase in heating 
caused by plug-reversing the larger 
inertia exceeds the reduction resulting 
from increased efficiency of the three 
hp motor under overload conditions. 
This result is logical, since the three 
hp motor is delivering more energy 
during the fixed period of the duty 
cycle. 

Were a three hp motor used, the 
ratio of rms horsepower to rated horse- 
power would be 1.26, an overload of 
26 percent. Again, this is sufficient 
to cause overheating. The obvious solu- 
tion here is to use a 5 hp motor. A 
standard 5 hp Design-B motor has 
a larger frame than either a two or 
three hp motor. However, if glass 
insulation is specified, as it was in 
this case, the 5 hp rating can be ob- 
tained in the same frame diameter as 
the smaller motors. This eliminated 
the need for making design changes 
to accommodate a larger frame. Also, 
there was no necessity for considering 
the effect of the higher inertia rotor 
that would be used in the larger frame. 

The ultimate criterion of success in 
motor selection is the actual tempera- 


Speed-Increment Method for Obtaining 


THE accuRACY of an equivalent horse- 
power analysis can be increased by use 
of this refinement For some applica- 
tions, the more positive results obtained 
may justify the additional time and labor 
needed for the Speed-Increment Method. 


METHOD | 
glected 


Where friction is ne- 


Since friction is neglected: 

Effective - Effective ea , 

Consider t, as the time required to ac- 
celerate from 0 to 200 rpm, t, as the 
time required to accelerate from 200 to 
400 rpm and so on as far as f,. 
AS is taken as 200 rpm only because this 
is common practice. 4S can be any value, 
for example, 100 rpm for a 900 or 1,200 
rpm motor or 400 rpm for a 3,600 rpm 
motor. 


WR (A S) 
308 7; 


, WR (AS) 
. 308 7; 
etc., to f,. The total accelerating time is: 
tece = ti the... .te 
WR* (4S) 
308 7; 


WR (AS) 
308 7; 


ture rise. If the temperature rise of 
the motor, when it performs the speci- 
fied duty cycle, is excessive, the ma- 
chine is undermotored. If the tem- 
perature rise is far below rated, par- 
ticularly if it is below the actual test 
temperature for rated conditions, the 
machine is overmotored. Neither con- 
dition is perfectly satisfactory from an 
engineering standpoint. 

For certain ratings, field tests on 
the motor selected for the application 
will indicate a temperature rise con- 
siderably below 40 C for an open 
motor. In such cases, it will usually 
be found that the actual temperature 
rise of the motor even under steady 
load is below the rated 40 C rise. 
Motor manufacturers build many rat- 
ings with actual temperatyre rises 
below rated. 

Another point should be mentioned. 
In effect, the equivalent horsepower 
method integrates the heating over the 
entire duty cycle, arriving at an rms 
value. However, it is possible for the 
heating during one period to be so 
excessive as to damage the insulation 
This condition would not be evident 
from the analysis of rms horsepower. 

For example, certain machines, such 
as laundry extractors, have tremendous 
inertias, with resultant acceleration 
periods of several minutes duration 


WR (A S) 
308 7, 


_ WR(AS 
si 308 


[-; — oe 
Ti ; 72 


by definition: 


"| 
Ts \a 
Also, 


WR 


308 tace 


Tow = 


: WR 
308 Tavg 


lace = 


Equating (a) and (b): 


WRS  WR(AS 
eins 308 
on l » 

T  —' Ts 


Since § = 9 (AS): 


4 (c) 
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Once the machines reach full 
the load is relatively light. Ar 
horsepower analysis would in 
that a certain rating is sufh 
whereas it is actually possible fc 
insulation to become | vrai d 
the long acceleration. These case 
limited to those machines that 
wide extremes of load, such as a 
long acceleration or a long, | 
overload period followed by a lo 
light-load period. The solution 
either forced ventilation, an overs 
frame, or other mechanical sche 
to help dissipate heat during hea ¢ 
loads. and t 
Another, more precise method Meth 
determining horsepower rating fr ipplic 
duty cycle is the watts-loss met! this © 
This scheme integrates the watts | Stil 
for each phase, arriving at the av with ‘ 
watts loss over the duty cycle 
which the rating can be selected 
method requires considerable dat 
cerning motor performance and d 
constants, which is not usually 
able to the field application engit 
The accuracy of the equival 
horsepower method is excellent wit 
its limitations. Its accuracy 
improved by several techniques 
of which add complexity. On 
example, is in the calculation of 
and f, Actually, the average to: 


( omp' 


p ired 


exam} 
were 
whose 


Tavg and tacc 


‘9 20.6 Ib-f 
= = /() 6 Iib- 
0.4465 ~ ° , 


If » equals the number of increm 


sp 
siders 
during 
be its | 
its eff 
he ac 
alculz 
siderin 


Thus, the average torque del1\ 
the motor during acceleration 
20.6 Ib-feet. When calculated tr 
area of the torque-speed curve 
is 25.0 lb ft. The magnitude of t! 
ence between the two values o 
depends on the shape of the torqu 
curve. The difference is large 
tors whose torque during most 
accelerating period (about 0 t 
rpm) varies considerably; for e 
high-slip motors (particularly a 
percent), and large Design-B 
whose locked-rotor torque is quite 
ent from the breakdown torqu 


MET] 
iderec 
This n 
means 
calcula 


Prop 





ained from the torque-speed char- 
eristic is Only an approximation. To 
ain the true average torque during 
eleration, a torque-time curve, which 
rarely available, is necessary. Or 
and /,.. can be more accurately 
nputed by dividing the torque-speed 
iracteristic into 9 horizontal sections 
or an 1,800 rpm motor), one for 
h 200 rpm increment. The time 
juired for each increment is then 
culated from formula (8) in the 
evious article and these incremental 
nes added to obtain the total. Then 
, is computed. Because of its length 
and tediousness, the Speed-Increment 
Method is employed only for certain 
ipplications. See the discussion of 
this method at the end of this article 
Still another method can be used 
with a greater degree of accuracy when 
the data are available. Since heating 
s a function of in-phase current, the 
rating can be checked by cal 
ilating the rms value of in-phase 
nput current. The in-phase input cur 


for 


motor 


each load of 


and their 


This value is 


determined 
} 


nt 18 
value 


then com 


the duty 
omputed 
yared to the rated in 
the motor tentatively 
example, if the rms 
were 


cy rms 
phase cut 

selected. For 
in-phase current 
7.5 amperes a three hp 
whose in-phase current at rated load is 


motor, 


difference is sm 
fairly 
f the acceleration 


constant LOT ¢ i aur 


period; for example, 
medium-slip motors (up to about 6 per 
cent maximum) and small Design-B 
locked-rotor ‘torque is 


equal to the hbreakdow1 


mo 
tors, practically 


torque 


i. = 


(See 
torque-speed curves of and 3 hp 
Figs. 4 and 7.) 
Calculation ot 7 by 
ment method 
value than calculation from the area of 
the torque-speed curve (25.0 lb-ft). The 
reason is that the thod presumes 
that the during each increment 

speed is effective for an equal dura- 

} 


tor 1 
the speed incre- 


(20.6 lb-ft) gives a lower 


area me 
torque 
tion. This assumption is corrected by 

e speed-increment method, which con- 
siders the fact th 
during each 


it the larger the torque 
orter will 
be its duration and, therefore, the small 


its effectiveness 


increment, the sl 


he actual accelerating tin 
alculated from formula 


sidering }i’R? as 10 Ib-it 


10 * 1800 


— 
_ 308 & 


20 ¢ 


2.84 sec 


METHOD 


idered 


Where frict 


This method is based on formula (b), by 
means of which the incremental times are 
calculated. The method is apparent 
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8.0 amp, would be satisfactory. This 
method is rarely applied to motors that 
start or plug-reverse frequently, since 
the curves required (watts input or in- 
phase current input vs time or speed 
during the acceleration period) are 
not usually available 


Mechanical Consideration 


In selecting motors for severe duty 
cycle applications, it may be necessary 
to consider mechanical factors as well 
as electrical. An extensive discussion 
of mechanical considerations is be 
yond the scope of this article since it 
would involve the complexities of 
stress-analysis techniques. One such 
problem might be encountered in plug 
reversing of heavy-inertia loads, par 
ticularly with larger motors. Depend 
ing on the inertia, plug-reversing 
torque, shaft 


reversal, et« 


diameter, frequency of 
the question might arise 
as to whether the rotor is fastened to 
the shaft securely enough. A stress 
analysis would answer this and would 
determine whether 


special construc 


tion were necessary. For most a] 
tions, this consideration is neglected 
Other mechanical considerations co: 
cern the brushes and commutator for 
single phase and d-< Wher 
such elerate 


heavy 


motors 
motors are used to a¢ 


inertias, ior tre 1e1 Starting 


table. 
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and stopping or for plug-reversing, 1t 
may be advisable to use an 
and undercut commutator, and hard 
brushes to reduce maintenance. In fact, 
the frequency of operation may bx 
limited by brush life rather than by 
heating 

These neglex 
important but obvious considerations, 
such as locked-rotor torque and break 
down torque. It is apparent that if the 


motor selected by an rms-hp analysis 
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articles have ed other 


locked-rotor 


torque to overcome Static ! tron 
i 


does not have suthicient 


nd 
start the load, a larger rating or a high 
torque motor 1s necessary Likewise if 
breakdown torque is less than peak 
load torque, larger 
The purpose 

twofol i 


sonaniy 


been 
quick 
method for sel« 
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quired to 
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Fig. 9—(A) Typical torque-speed curve used in Method I, where friction is neglected 
(B) Same curve prepared for Method II, where friction is taken into account 
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Considerably more engineering development has been directed towards 


methods of reducing the size and wei ght of aircraft reduction gearing than 
ce X X c 


in gear drives for general industrial or transportation use. It may pay you 


to take a few tips from the aircraft designer, who solves the problem of 
c 


reducing gear weight while increasing the power ratings. This can be don 
c c Cc cL c 


by careful consideration of the 


Design Factors in Highly 


F) mation and data furnished by the Wright 
Aeronautical Corp., Wood-Ridge, New Jersey 
OF THE MANY AUXILIARIES that have 
been associated with large, aircraft 
power plants, none has been more im- 
portant nor received greater attention 
than the reduction gearing between the 
propeller and the engine. The recent 
advent of gas turbine driven propeller 
aircraft, such as those now being flight 
tested by Avro in Canada and de 
Havilland in England, has focused 
even more attention on this gearing 
because of the higher reduction ratios 
and power ratings that are required 

Out of these efforts has come a new 
design technique for planetary gear 
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ing that has resulted in an appreciable 
decrease in weight, savings in space, 
and increase in power rating. The 
major deviation from ordinary plane- 
tary gears is the acceptance and pro 
vision for deflection in service. As a 
result, the following factors are repre 
sentative of the general construction 

1. Use of cantileve mounted planet 
pinions instead of straddle mounting. 

2. Modification of the gear teeth to 
compensate for operating deflections 
and thus to minimize pitting and 
breakage. 

3. Use of high contact-ratio gears to 
increase load-carrying capacity 

i. Establishment of close tolerance 


limits on: trunnion location, pin 
and gear eccentricity, tooth spacing 
tooth form, and the backlash vari 


tion between pinions 
Types of Planetary Gearing 


A planetary gear train is used 
cause it has higher horsepower tra 
mitting capacity and higher reduct 
ratios per unit weight than most cor 
ventional gear trains; for example, 
drive shown in Fig. 1 weighs appro) 
mately 100 Ib. and is capable of trans 
mitting 1750 hp. Planetary gears 
have another feature for which 


are notable: the ability to provide 
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Fig. 1—Simple planetary gear train having a loose spline that takes 
up lateral motion between gear and pinion teeth, thus equalizing 
errors in the assembly and insures more uniform tooth loading. 


140 


Size eatio of sun geor to pinion —> 
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Fig. 2—Speed ratio relationships for simple plane- 
tary gear drives in Table I. Except for Case III, the 
output direction of rotation is the same as input 
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Loaded Planetary Gear Trains 


or more output speeds at a given input 
speed without the shifting of gears in 
or out of mesh. In a simple, single- 
stage planetary gear drive, this means 
that two different output speeds can 
be obtained simply by alternately fix- 
ing either the sun gear or the planet 
carrier. It is this principle that is 
ised in the automatic transmissions in 
present-day cars. 

For instance in Fig. 1, when the 
sun gear is the stationary member, the 
gear ratio (reduction) is 0.5625:1 
with the power transmitted through the 
pinion carrier. However, if the pinion 
carrier were fixed, the ratio (increase) 


would become 1.286:1 and the sun 


gear would become the driven member 
Such ratio changes are required for air 
craft accessories like supercharger 
drives, where the impeller is driven at 
one speed during low altitude but an 
increased impeller speed is necessary 
to provide sufficient air flow for high 
altitude flying. In utilizing this method 
of speed change, the shifting of the 
reaction member must not be too 
rapid or high acceleration or decelera 
tion forces would be the result. This 
speed change is usually controlled by 
means of a friction clutch, which in 
sures smooth action. Other combina- 
tions of speed ratios can be obtained 
by actually driving the reaction mem 
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Number of pignetary pinions 


Fig. 3—Number of pinions affects load distribution and must be compensated 
for. Curve gives the allowable design stress and is conservative as compared 


to industrial use; 


derived from empirical data on aircraft drives. 
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1¢ tooth stresses become prohibitively 
high and machining becomes more 
dithcult to control. Under these con- 
ditions the transmitted loads must be 
decreased; consequently there is no 
vain in this direction. However, in 
the case of the compound planetary 
train, bearing loads and accumulated 
errors also introduce a limit on load- 
ing; although this type permits almost 
any speed ratio between input and 
output. While the compound planet- 
ity drive is not as commonly used be- 
iuse of the limitations in the loading, 
the gear modification discussed in the 
latter part of this article apply to the 
compound planetary drive equally well 


Limitations Due 
To Manufacturing Errors 


While the advantage of a planetary 
gear drive is that a large number of 
pinions can be used to share the trans- 
mitted load, a problem arises with 
regard to the load distribution among 
the pinions. As the number of pinions 
is increased, the ability of the drive 
to transmit proportionally higher 
power is decreased because the number 
of inherent manufacturing errors are 
increased. Each of the pinions have 
certain gear tooth errors—however 
small and within specified limits—that 
influence the overall performance. 
These errors consist of pinion trun- 
nion spacing, tooth-to-tooth space, in 
volute profile variations, and variations 
in parallelism, runout, and backlash 
among the pinions. To compensate for 
these errors, the allowable stresses are 
modified as shown in Fig. 3 and are 
based on the number of pinions. 

This problem of load distribution 





Fig. 4—Mounting the gear with a series 
of springs is an often used method of 
equalizing tooth loading among a large 
number of pinions. Designing the gear 
web as a diaphragm that will flex to give 
the necessary lateral freedom is an even 
more common method used to equalize 
tooth loading. 
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has long been recognized and a num- 
ber of methods have been devised 
to either overcome or minimize the 
factors that cause overloading of cer- 
tain members of the drive. One of 
these methods of load equalization is 
based on permitting the concentric 
member to bout This “floating” action 
allows lateral freedom of one gear so 
that the net result of the separating 
forces from each of the pinions de- 
termines the operating or running 
position of the gear. By means of the 
separating components of the trans 
mitted forces, this centering action 
prevents excessive overloads on in 
dividual pinions 

One such method 1s illustrated in 
Fig. 1. In this drive, a loose spline 
is provided to permit slight lateral 
motion; however, it is sufhciently re- 
strained to transmit the torque reac 
tion. Another device consists of 
mounting the gear by means of series 
of springs, Fig. 4. When these springs 
are placed around the periphery of 
the gear, they also serve to “cushion” 
torsional shock loads. In other in- 
stances, the web of the gear is con- 
structed to form a large thin di- 
aphragm that provides the necessary 
lateral freedom 

In addition to these design devices, 
the individual gear tooth errors are 
held to a minimum. The variation 
in backlash among the many pinions 
is a factor which considerably influ- 
ences the proportion of the total load 
that each one carries. The pinion with 
the lowest backlash tends to carry 
appreciably more than its equal share 
unless the backlash range is held 
within +0.0010 in. The runnout 
ing of the cantilever trunnions which 





Fig. 5—High contact ratio pinion which 
was designed for 500 Ib./in. mean tangen- 
tial force and has operated successfully 
at a 40 percent overload for an extensive 
period. The tooth proportions are: 14 
DP; 20 deg. PA; 1.8 in. PD; 0.928 in. 
wide; tooth thickness of 0.120 in; and 
whole depth of 0.220 in. 
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support the pinions should be 
within +0.0010 in. The rus 
for most of these gears is held wi 
0.0025 in. with a maximum to 
action error of 0.0010 in. To ay 
localized stress on the active pro 
the involute variation is held wit 
0.0004 in. The tooth to tooth s; 
ing is maintained within 0.0003 
The above values apply to reduct 
gear drives. In general, superchar 
drives and gas turbine drives are « 
sidered more critical due to the hig 
velocities (15,000 to 20,000 rp 
and consequently the tolerances 
slightly smaller than those specific 
above. 


High Contact-Ratio Gears 


To further raise the load carryi: 
ability, it is common practice to 
crease the contact ratio of the mati: 
gears and pinions. By increasing 
ratic of the arc of action to the 
cular pitch, more teeth are broug 
into position to share the load, w 
the result that the maximum load 
any one tooth is decreased proj 
tionately. 

The contact ratio in ordinary g 
teeth is on the order of 1.5. Ah 
contact ratio gear may be defined 
one having a contact ratio of ov 
2:0. The maximum ratio of from 
to about 2.5 is established both 
the strength of the teeth and the lin 
tations of manufacture; with too hig 
a ratio, the teeth become pointed, t! 
roots become sharp, and the gearir 
becomes very difficult to manufactur 
To secure a tooth contact ratio 
above 2.5, helical gear teeth 
be used, but such gearing of co 
introduces the disadvantages of hig 
axial or thrust loads. To compensa 
for these added loads the design: 
forced to increase the weight of 
drive. 

Fig. 5 illustrates a pinion with t 
proportions that result in a high 
tact ratio. Note the long, slen 
teeth. Although the diametral | 
is 14, these teeth have experiment 
transmitted a tangential load of 
700 Ib. and at a velocity of 16 
per second. The theoretical incr 
in capacity of this type of tooth f 
has been verified by extensive testing 
With the tooth load always distrib 
between two or three pairs of te 
the maximum force which any 
tooth assumes (near the pitch 
is approximately 70 percent of 
tangential load. This means that 
the same compressive stress, the tr 
mitted load can be increased by 
40 percent. 

Once the number of teeth have 
chosen to provide a particular 5; 
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tio, the problem of assembly of the 
nions between the two concentric 
gears arises. To assemble a given num- 
per of equally-spaced pinions, P, in a 
nple planetary drive, the ratio 
N,/P must be an integer. If 
wt, altering the number of teeth in 
ther or both gears A or B should 
wrrect the condition. Usually, a 
ange in the number of teeth which 
s necessary for proper assembly is 
not great enough to appreciably affect 
1 gear ratio, but this change will 
slightly alter the pitch diameter and 
pressure angle. Under these condi 
tions, it is possible for a pinion to 
have two different pitch diameters; 
yne while meshing with the sun gear 
ind another with the internal 
In this instance, the sum of the num 
ber of teeth in the sun gear and two 
pinions will not equa! the number of 
teeth in the internal gear. Gear op 
eration under these conditions 
not cause adverse operation but is 
of academic interest. In certain in- 
stances when the gear ratio change 
(to insure proper assembly) becomes 
excessive, a choice of another pitch is 


‘4 


gear 


doe s 


necessary. 

A question that often arises is 
what is the greatest number of pin 
ions which can be used in a simple 
planetary drive. The graph Fig. 6 
shows this maximum number and is 
based on the number of teeth in the 
sun gear and pinions. As the number 
of pinions is increased, the problem 
of interference of the pinion teeth 
becomes evident. Once the number of 
pinions has been decided upon, the 
width of the teeth can be calculated 
Based on the transmitted load, the 
pinion width may become relatively 
large. To avoid this condition, the 
number of pinions can be further in- 
creased by staggering them into two 
groups. This graph would then be 
used to determine the number of 
pinions in each group. 

To assemble a compound planetary 
gear drive, the following conditions 
must hold (for equally-spaced 
pinions ) 


Nom — Ni m 

PF = an integer 
where: N, and N. are the number 
of teeth in the driving and driven 
gear, m, and m, are the number of 
teeth in the mating pinion teeth, P 
is the number of pinions, and F is 
the highest common factor between 
nm, and mm. 

This equation is valid when the 
rotation of N, is in the same direction 
as N, with the carrier held fixed. The 
sign in the numerator should be 
changed (to plus) if the direction of 
rotation of N; is opposite that of N, 











number of pinions, T 
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Number of teeth in pinion, n 

















Fig. 6—The maximum number of pinions which can be 
planetary gear train without interference can be found by 


when carrier is held in a fixed posi- 


tion and the driving gear is rotated 


Applied Forces 
The problem of designing gears for 

I £3 
reciprocating engines as compared to 


industrial applications tends 


tO De 


more difficult. This is largely due to + 


the variations in torque that 
tinually take place as a result of 
power stroke. Although 
steps are taken to arrange properly the 
piston cylinders and to dampen the 
most troublesome disturbances, ap- 
preciable torque fluctuations often re- 
main. In this discussion, all refer- 
ence to loads or forces are considered 
as the mean value. The problem of 
determining the actual loads imposed 
on a gear train is most difficult and 
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0.60 Mn, 1.6 Cr, 0.35 Mo. and 1.15 
Al.). It is usually case-hardened to 
Rockwell 15 N-92 and with a depth 
of 0.017 to 0.022 in. The Nitralloy 
material is often preferred for larger 
gears since a quenching operation is 
not required to produce the necessary 
surface hardness. Use of Nitralloy 
material in shock-load applications is 
to be avoided, since the very hard 
ise 1s brittle and prone to crack. In 
iddition, the thickness at the tip of 
the tooth, of Nitralloy gears, should 
be greater than twice the depth of 
case to avoid cracking. With the car- 
burizing steel mentioned, there has 
been no such difficulty in cases where 
the tooth was completely carburized. 

In using these materials, an allow- 
able surface compressive stress of 160,- 
000 psi has found to be satisfactory 
In the case of bending, an endurance 
limit of 75,000 psi is used. These 
values of stress are applicable to gears 
with the tolerances previously men- 
tioned 


Contact Stresses 


With the relatively large ratios that 
often exist between the pinion and 
the mating external gear, the compres- 
sive surface stresses are a critical fac- 
tor. These stresses are determined by 
the Hertz equation which is based on 
cylinders in contact. These contact 
stresses rapidly increase as the tooth 
action approaches the base circle since 
one of the radii of curvature then ap 
proaches zero 

The compressive stresses within the 


Length 


of action 


length of action of standard, equal 
addendum gears are illustrated in 
Fig. 7(A). Note the rapid rise in 
stresses near the pinion base circle. 
Increasing the pinion addendum and 
reducing the addendum of the gear 
alters the tooth action to a region 
where the stresses are much lower. 
The problem of compressive stress is 
much less critical when the size ratio 
between two mating gears approach 
unity, as shown in Fig. 7(B), but 
under these conditions, the bending 
stresses become the limiting factor in 
proportioning the size of gear teeth. 

To emphasize the variation in com- 
pressive stresses, Figs. 7 (A) and (B) 
were based on the condition that the 
full load is carried by one pair of 
teeth throughout the line of action. 
This condition would exist only when 
the contact ratio is equal to 1.0, which 
is to be avoided in good gear design. 
Consequently, the stress must be modi- 
fied to take into account the magni- 
tude of the actual force being trans- 
mitted between mating teeth during 
the period of contact. 


The manner in which the load on 
a particular tooth would vary through- 
out the length of action if the teeth 
were absolutely rigid is also shown 
in Fig. 8. It can be seen that the en- 
tire load would be assumed by one 
pair of teeth only in the region from 
6b to c. Actually, the teeth are by no 
means rigid and if the elasticity or 
spring constant of a mating pair of 
teeth were to be determined for vari- 
ous positions of contact, it would 


.Base 
circle 


Pitch 


~~“. circle 
“~ 


Line of action 


Fig. 7—Comparative surface compressive stress of mating gear teeth: (A) 
teeth having equal addendums; (B) lower stress of equal-size gears. These 
curves are based on the assumption that one tooth is carrying the full load. 


resemble the dotted curve shown 


other words, when contact occurs 


the pitch line, a greater torque wi 


be required to deflect one gear 
the other gear fixed, as compared 
any other position of contact. I 
to be noted that this estimated 
curve approaches zero at each end 
is recognized that a relatively smal! 
amount of the total load will actu 
be transmitted in this region. 1 
estimated curve is satisfactory for 
practical purposes since the stres 
are not appreciable at the ends 
action unless there is on excessiy 
tooth spacing error. 

In general, computing these stres 
at the pitch point gives a good indi 
cation of the possibility of pitting 
or wear. In special instances, the 
stresses should be investigated through 
out the length of action when they 
are apt to be appreciably higher than 
at the pitch line. The compressive 
stress in the usual wear formula 
computed at the pitch line: 


For external steel gears 


oe ae P, + P, 

Se= 45800 Sin Qa \ P, P ) 
where: S, is the compressive stress 
psi; F the tangential force, Ibs; W’ is 
the width of tooth, in.; P; and P. are 
the pitch diameters of gear and pinion 
in; a is the pressure angle, deg. 
Note: for internal gears, change 
positive sign in brackets to negative 

For convenience, a nomograph h 
been prepared to determine the co 
pressive stress of gear teeth. T 
graph is based on the number of tec 
in the gears, and takes into acco 
the pressure angle of the gear teet 
See pages 159 and 161. 


Bending Stresses 


With the relatively large forces ; 
the high velocities which are pres 
on many planetary gear teeth, 
possibilities of tooth failures by br 
age are high. Under these conditions 
it is extremely important to avoid 
increases in handle stresses at 
roots of the teeth. Two factors wh 
significantly influence this stress 
(1) Impact loading that is produ 
by either a pulsating load or h 
peripheral speeds on gears having 
cessive tooth errors; and (2) sti 
concentrations at the tooth root 
to a relatively small root radius. 

In computing the bending stress 
the following formula has been fou 
to be satisfactory: 
15FK 
XWCR 
where F is the pitch-line tangent 
force applied at the tip of the too 


S= 
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the strength factor, K is the stress 

entration tactor, CR is the contact 
io, W’ is the tooth width. 

his equation is basically the Lewis 
rmula with modifications 
ice special tooth proportions exist 

nost aircraft diives, the Lewis Y 
tor from the 
it be used; instead, the 


certain 


standard tables can- 
X distance 

ooth strength factor is obtained 
trom an enlarged tooth layout. (For 
tandard-proportioned gears, this fac 
rr is used to determine the Y fac- 
or, 8X). Stress concentration 
factor K is based on photoelastic tests 
ind is defined in Fig. 9. The main 
difference between this modified equa 
tion and the usual Lewis Formula, is 
that the velocity co-efficient which 
greatly decreases the allowable tooth 
load is neglected. Elimination of this 
factor is possible since gear tooth 
errors are controlled within close lim 
its; hence, the impact or increment 
loading is decreased and higher de 
sign loads are permitted. 


Sliding Velocity 


This factor in gear design does not 
present any problem in most aviation 
gear drives. This sliding velocity 


tends to generate friction especially 
at the extreme portion of the length 
of action near the - or flanks. Since 


most drives are of relatively small 
pitch, the magnitude of sliding does 
not reach high values even in high- 
speed supercharger drives. Sliding 
velocities of 60 fps have successfully 
been operated. The sliding velocity 


— "Bose circle 


t 
Stress concentration factor, K=|+0.)5—- 


Pitch diameters 
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Fig. 9—The tooth strength factor, X, can be graphically determined by an 
enlarged tooth layout as illustrated. The importance of a sharp fillet radius 


is accounted for in the stress 


can be calculated as follows: 
For external gears 
vy, = 2va( + *) 
P, P; 
where: V’, is the sliding velocity, fps; 
V is the pitch line velocity, fps; a4 is 
the distance along line of action from 
pitch point to extreme point of con- 
tact, in; P, and P, are the nitch di- 
ameters of gear and pinion, inches. 
For internal gears, the sign in bracket 
is negative. 

In each new gear drive a consider 
able amount of development work is 
required before the drive is considered 
as satisfactory. Although calculations 
indicate the direction and approximate 
magnitude of operating deflections 
which tend to cause uneven gear tooth 
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Fig. 8—Force on a gear tooth is not constant but fluctuates as teeth go in 
and out of mesh. This variation is illustrated for gears with 1.5 contact 
ratio; for inelastic teeth (full lines) as well as flexible teeth (dash line). 
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concentration 


formula given above. 


loading, actual tests are relied upon 
to determine finally the necessary tooth 
modifications that are required for 
optimum performance. Since most of 
the planetary pinion supports are of 
the cantilever type, the teeth must be 
altered to insure full width or contact 
under full power. This type of modi 
fication consists of machining the 
teeth out-of-parallel and is usually per 
formed on the concentric ring and 
‘sun” gears while the teeth of the 
pinions are closely held parallel to the 
axis of rotation. This modification is 
performed only on the « 
since only side of 

each of these gears need b 
as compared to having 

tooth 
which are used. In 
parallelism of the pin 


mecentr 


one 
surfaces on 


as close as 0.0005 
case of the 
the mean valu 
been as large as 0. 
Although the 
tooth form is used 
forces causes tooth 
altets the original 
volute modification 
insure conjug 
deflections 
scuthng, goug 
instances 
appreciably 
load ana consequent 
pressive stress, 
high in the region 
tangency of the 


Dase circie 


wrnicn 
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capacity gears the 
the pinion flank is relieved ap} 
while the mating gears are held to the 
basic involute form 

This type of tooth modification has 
been treated in sever 
In the Feb. 1947 and Sept 
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Fig. 1—Characteristic curves of a mag: 
netically actuated dry friction clutch made 
of two clutches opposing one another. 


Fig. 2—Triode vacuum tubes are a convenient way of controlling magnet current 
Solid lines show the basic circuit for controlling the clutch coils by signal e:; dotted 


lines indicate the necessary circuit additi: 


to obtain a velocity servomechanism 


The Dry Friction Clutch 


As A Servomechanism Drive 


FRANKLIN S. MALICK 
Special Products Engineering 
Westinghouse Electric Corporation 


FRICTION CLUTCHES AND BRAKES have 
long been used for starting and stop- 
ping rotating machines, but it is only 
recently that friction torques have been 
controlled so that clutches and brakes 
can be made to deliver contiruous 
smooth power at an_ intermediate 
speed. Various rolling friction drives 
have Lzen used as torque converters, 
but these devices are generally dif- 
ficult to control and they have not 
proved advantageous for servomechan- 
ism drives. 

This discussion will consider only 
magnetically actuated dry sliding fric- 
tion clutches, similar to those com- 
mercially available for controlling 
machine tools. A pair of these clutches 
can be arranged so as to drive a load 
in either direction, depending on 
which clutch is excited. The resulting 
device makes a high performance 
servomechanism. It can ~ made to 
give accelerations of 500,000 radians 
per sec*, and has a frequency response 
characteristic which is still unity at 


twenty cycles. It is smaller and lighter 
than any other type of servomechanism 
in the power range from twenty to five 
hundred watts and is simply con- 
structed. 


Clutch Unit Characteristics Needed 
for a Servomechanism Drive 


A simple friction clutch is a torque 
device having no speed stability. The 
output shaft either runs at the full 
speed of the driving motor, or it stands 
still. No fixed value of force will cause 
the output shaft to turn at half speed. 

An electromagnet provides a con- 
venient way to obtain a continuously 
variable, rapidly controllable force for 
clutch actuation. This combination of 
a clutch and an electromagnet is called 
a clutch section. Two such clutch sec- 
tions which are operated opposing 
each other is called a clutch unit. The 
torque output of a cluch unit is the 
difference between the currents in the 
two magnet coils if the sum of the two 
currents is maintained constant. In 
Fig. 1 this is shown graphically. 

Control of the magnet current is 
easily obtained with two triode vacuum 
tubes. The circuit of Fig. 2 (solid 


lines) is typical. The torque is now a 
linear function of the control signal e,, 
changing direction as e, changes sign, 
and is a good torque source for a servo- 
mechanism drive. For servomechanism 
analysis, it can be represented by the 
simple transfer function: 


Ke; (p) 
(1 + ¢p) 


Letter ¢ represents the time delay in 
seconds between input signal e, and 
output torque. This delay is caused 
by the inductance of the magnets. 

It should be noted that this torque 
source is completely independent of 
the speed at which the clutches are 
slipping. For a position servomechan 
ism, it is customary to have the driv- 
ing members of the two clutch 
tions rotating at the maximum speed 
desired, but in opposite directions 
however, a velocity servo-mechan 
were desired, one clutch section dris 
ing member could be at zero speed 4 
the other at maximum speed. In eit! 
case, the same torque transfer funct 
would be used in the performance 
culations. 

The lack of any speed sense in 


T (p) = 
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Fig. 3—The speed-torque characteristics of a friction clutch velocity servomechanism 


are similar in form to those of a d-c shunt motor where e, corresponds to the armature 
voltage and the tachometer voltage corresponds to the back emf of the motor. 


torque source means that a _ posi- 
tion servomechanism using the source 
would have no damping whatever. Of 
the several methods for providing 
damping, tachometer feedback is the 
most practical. In Fig. 2 a d-c tacho- 
meter generator is coupled directly to 
the output shaft of the clutch and its 
output is added to the control signal 
é, im such a direction that it cancels 
a portion of e, when the output shaft 
turns. The combination of clutch unit, 
current control, and tachometer is now 
a velocity servomechanism. The curve 
of Fig. 3 shows the speed torque 
characteristic for this servomechanism. 
This should be recognized as the speed- 
torque characteristic of a d-c shunt 
motor, where e, corresponds to the 
armature voltage and the tachometer 
voltage corresponds to the back emf of 


the motor. Considering the output 
torque zero, the clutch applies torque 
to accelerate the shaft until it reaches 
the speed where the tachometer voltage 
just equals the input voltage, at which 
time e, is zero and no further torque 
is applied. 

A stable position servomechanism 
can be made from the velocity servo- 
mechanism by making e, proportional 
to the position error. The block dia- 
gram of Fig. 4 shows such a servo- 
mechanism. Each block corresponds 
to a transfer function: K, to the 
torque source, K, to the shaft inertia, 
K; to the tachometer, and K, to the 
position error amplifier. By using 
either the linear or logarithmic proce- 
dure, the frequency response of such a 
clutch servomechanism can be calcu- 
lated, Fig. 5. Test frequency responses 
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Fig. 4—Block diagram of a position servomechanism with ta- 
chometer feedback used to obtain stabilization. 
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have agreed fairly well with the cal 
culation for a servomechanism with 
tachometer feedback. The calculated 
performance of the clutch stabilized 
with error lead networks could not 
be attained in practice because the lead 
networks increased the noise-to-signal 
ratio so that the amplifiers saturated 

It might be thought that the motion 
of the output shaft is jittery, since 
two clutches are trying to turn one 
shaft in opposite directions and sinc« 
friction is never very consistent. Actu 
ally this jitter would exist if the clutch 
unit were not properly designed 

Tests have shown that variations 
in output torque are of three kinds 
(1) Variations taking place over a 
period of minutes or hours caused by 
changes in the average coethcient ot 
friction between the sliding surfaces, 
(2) cvelic variations having a tre 
quency corresponding to the slipping 
speed ; and, (3) ency 
pulses of torque of very short duration 
which are inherent in dry friction 

The first of 
slow that it for by 
the regulating psoperties of the closed 
servomechanism loop. In any prac 
tical clutch servomechanism the 
ond variation is always at 
a frequency to be 
regulation, so it 
make this rotation frequency so high 
that the clutch shaft, in spite of its 
low inertia, acts as a flywheel to aver 
age out these torque changes which 
may amount to as much as 20 percent 
of the maximum output torque. Clutch 
speeds from 2,500 to 3,600 rpm, cor 
cesponding to frequencies of 50 to 60 
cycles per sec, have been found to be 
best. The third source of torque varia 
tion is made up of even higher fre 
quencies and is damped out in the same 
Thus on a practical clutch posi- 
tion servomechanism, when the error 


random frequ 


these variations 1s so 


1 
is easily corrected 


too 
smoothed out 


necessary to 


becomes 


way 


Fig. 5—Curves representing the calculated frequency responses 
of a $ hp clutch for several methods of stabilization 
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Fig. 6—Clutch sections with a single friction surface and utilizing: 


(A) a rotating magnet; (B) a stationary magnet. 
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Fig. 7—Clutch sections with multiple friction disks and utilizing: 


signal is zero, the output shaft has 
very little motion. 


Types of Clutch Sections 


Clutch sections are of two general 
types: Those having a single fric- 
tion surface as in Fig. 6 (A) and 
6 (B) and those having multiple fric- 
tion discs such as Fig. 7 (A) and 
7 (B) show. Each of these divisions 
can be further broken down according 
to the type of magnet used, and the 
method of applying the magnet force 
to friction surfaces which are rotating. 
While a large number of combina- 
tions are possible, only four have spe- 
cial advantages. 

The particular advantage of the 
single surface clutches is that they 
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maintain their torque as the friction 
surface wears. This advantage occurs 
because the gap across which the mag- 
net force is developed is between the 
friction surfaces. This means that the 
driven member must be of magnetic 
material and must be thick enough to 
carry the flux of the magnet. Thus 
the choice of friction materials is 
restricted, and the acceleration which 
can be attained by the driven disc is 
limited, since its inertia is a function 
of the output torque. 

Even though these two disadvantages 
exist, servomechanisms have been built 
using this type of construction. The 
magnet may either rotate and have its 
current supplied through slip rings or 
be stationary with the flux crossing 


(A) a flat-faced magnet; (B) a solenoid-type magnet. 


an airgap. The need for brushes 
be considered a disadvantage of 


first type, while the stationary magne: 


type requires additional excita 
power for the airgap. 


The multiple disc type clutch in Fig 


7 (A) permits an unlimited choice of 


friction materials since the frict 
surfaces are separate from the mag 
netic circuit. However, in order 
obtain this — the magnet n 


develop its force across an airgap o! 


some length. The construction of | 


7 (A) utilizes a flat-faced magnet 


whose force is transmitted to the rc 
ing clutch discs through a thrust bear 
ing. It is easily seen that this fi 


increases as the disc stack wears unt! 


the magnet airgap goes to zero and 
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Mechanical Considerations in Clutch 
Unit Construction 


liable clutch 


The construction of a re 
init is largely a matter of good 
echanical design. Since a clutch unit 
nust have two barrels which rotate 
n opposite directions, at least three 
pur gear meshes, two shafts and 8 
earings are required. In a typical 
lutch the input will be at 10,000 rpm 
{ pinion at this speed driy 
els at 2,500 to 3,600 . pr: 
peed gearing requires lubrica- 
on such as is obtained by completely 
nclosed gear cases. Precautions must 
¢ taken to see that none of the grease 
rom the gears or bearings reaches the 
utch disc surfaces. All gearing 
10uld be of hardened steel and the 
lignment must be carefully main- 


es the bar 
This high 


200d 


enter its anc 


Clutches have 


1 dowcling 
been built with oilless 
onze bearings or with bail bearin 


t 1roughout 


s 


Experience has indicated 
that the ball bearings are more reliable 
at the high speeds. In addition, bronz« 


bearings 
a 


when used for the barrels 


considerable amount of power 
Bronze bearings are 


waste 
Satisfactory fo 
the output shaft because it runs at a 
very low average speed in a position 
servomechanism. It has been found 
that the ball thrust bearings when run 
dry will outlast the friction materials 
Dry operation is almost a 
because of the close proximity of the 
bearing to the friction surfaces which 
reach temperatures of 500 F approx- 
imately. A heat insulator, such as is 
shown in Fig. 7(A), reduces the bear 
ing temperature 


necessity 


considerably, but it 
is still too high for lubrication with 
petroleum greases 
The friction 
evaluated by 


materials are best 
tests which duplicate 
operating conditions as nearly as pos- 
Published data on coefficient 
of friction and wear have been found 
to be of little use in determining out- 
put torque and life. The high tem- 
perature throughout the entire clutch 
disc stack limits the discs to inorganic 
materials. Stainless steel against car 
bon or bronze have a long enough life 
for most applications. There is a 
great deal of work yet to be done to 
determine the best 
type of service 


sible 


materials for this 


Comparison of a Clutch Servomech- 
anism with Other Types 


A clutch servomechanism « apable of 
100 watts output can be made smaller 
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and lighter than 
main 
In Table I are tabul 
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Effects of Boron 
On Cast Iron 


From “Effect of Boron on the Structure 
and Properties of Cast Iron”, Technical 
Report No. 1362, National Bureau of 
Standards, U. S. Department of Com- 
merce, Washington 25, D. C. 
WAR-INDUCED SCARCITIES of other 
elements called attention to the pos- 
sible use of boron to increase the 
hardness and wear resistance of cast 
iron. However, specific data regard- 
ing the effect of boron on the struc- 
ture and properties of cast irons have 
been somewhat limited. 

In the Bureau's investigation, plain 
gray cast irons of nine different stocks 
were studied. The carbon content in 
these irons varied from 3.3 to 4.1 
percent, the silicon content from 1.4 
to 2.7 percent. The irons were melted 
in high-frequency induction furnaces, 
and boron in the form of ferro-boron 
was added to the molten metal in 
amounts ranging from less than 0.001 
percent up to 0.48 percent. 

When examined under a micro- 
scope, the structure of irons with a 
relatively large boron content was 
found to consist essentially of a mat 
rix of cementite containing islands of 
pearlite as well as other structureless 
islands. The pearlite areas were usually 
surrounded by a structureless band: — 

Transverse strength was determined 
by subjecting bars 1.2 in. in diameter 
to a breaking test. A disk } in. thick 
was then cut from each broken trans- 
verse test bar adjacent to the fracture 
and used for Brinell hardness determi- 
nations and for metallographic ex- 


amination. Fractures could be classi 
fied as gray, white-network or mottled 
For bars with gray fractures, an in 
crease im boron content was accom 
panied by a small increase in the 
transverse strength, Brinell hardness, 
and relative modulus of elasticity of 
the sample. However, the appearance 
of a white network or white specks 
on the fractured surfaces of bars con- 
taining larger amounts of boron 
usually was accompanied by a drop 
in the transverse strength and deflec- 
tion, and an increase in the Brinell 
hardness and relative modulus of 
elasticity. Brinell numbers varied from 
140 to 220 for bars with gray frac- 
tures, from 220 to 285 for bars hav- 
ing a white network, and from 295 to 
127 for those with mottled and almost 
white fractures. 

Another very important property of 
cast iron is its ability to chill with 
the formation of white iron. For all 
castings made under similar melting 
and pouring conditions, there was a 
pronounced increase in depth of chill 
with an increase in the boron content. 

Chilled areas usually consisted of 
two zones: a completely white zone, 
known as “clear chill,’’ and a partly 
chilled or mottled zone. 

In general, the results of the investi- 
gation show that boron increases the 
depth of chill of cast iron as well as 
its hardness. Boron was also found 
to decrease the size and quantity of 
graphite particles, to increase the free 
carbide content, and to produce an 
undercooling effect which becomes 
more pronounced with greater per- 
centages of boron. 





Synthetic Piezo-Electric 
Materials to Replace Quartz 
Foreign abstract from ‘“Piezo-Electric 
Materials” by J. C. B. Missel, Philips 
Technical Review, Vol. II, No. 5, pp. 
145-150, November, 1949. 
IN PIEZO-ELECTRIC MATERIALS, me- 
chanical stress gives electrical effects. 
Applications have been extended from 
sensitive instruments to relatively 
powerful industrial devices. New ma- 
terials have been developed to replace 
quartz as a piezo-electric material. 
Under a mechanical load, a quartz 
crystal has electrical charges of oppo- 
site polarity on its opposed faces. The 
converse is also true; crystals show 
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mechanical deformation in an electric 
field. Both effects are linear. The re- 
sultant charge is directly proportional 
to deformation, and mechanical de- 
formation is proportional to the ap- 
plied electric field strength. This is 
entirely different from electrostriction, 
in which any substance, crystalline or 
amorphous, is deformed in an electric 
field with a displacement which varies 
as the square of the applied field 
strength. 

The strength of the piezo-electric 
effect depends mainly upon the mate- 
rial and the direction of the mechanical 
load. The effect is very strong in the 
case of seignette salt (Rochelle salt, 
potassium sodium tartrate). In a cer- 
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tain direction of the crystal, a 
an be obtained amounting to 
3.x 10 * coulomb per newton of 
applied (2.3 x 10 * esu/dyne). W 
quartz the charge is 2 x 10°"? coul 
per newron 

One use of the piezo-c'e-tric 
is for indicating mechanical vibra 
by electrical means and, conversely 
generating mechanical vibrations 
means of alternating voltazes 
waves emitted by supersonic radi 
are used for signalling under » 
for preparing very finely distr 
emulsions and suspensions, and 
tracing defects in large pieces of 
terial. Piezo-electric crystals are 
used for stabilizing the frequ 
radio transmitters. 


With one single exception, pic 


electric effects may be expected in 
species of crystals not exhibititr 
centre of symmetry in their 
lattice. If a crystal has a centre 
symmetry, each positive ion is 
anced by another positive ion, 
opposite to it through the center 
symmetry, at an equal distanc 
the center. The same is true otf 


tive ions. The center of gravity of t 


positive ions and the center of 
of the negative ions are both 
center of symmetry of the crystal 

A piezo-electric crystal, on the ot 
hand, has no center of symmetry 
the natural state, the center of g 
of the positive ions and the cent 
gravity of the negative ions ar< 
same point. When the crystal di 
however, the two centers of g 
are displaced and move in diff 
directions. They are no longer 
same point and the crystal bec 
electric dipole. The converse 
place when an outside field is in 
on the crystal. 

About 1,000 of the 10,000 
so far identified have no cent 
symmetry and so exhibit the 
electric effect. For practical ap 
tions, large crystals are essenti 
only a few of the possible 1,0 
be considered. Zince bleride 1S 
to work and readily splits; to 
crystals are hard to obtain with 
ciently homogeneous structure. © 
is the only practical natural 
electric crystal. 

Attempts have been made 
duce synthetic piezo-electric m 
in sufficiently large crystals. A’ 
ium dihydrogen phosphate, 4 
sium tartrate and ethylene-diami 
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COAL IS BURNED on one side of locomotive-size test plant, oil on the other. 
perating turbine at full 1300 F temperature. 


Ceal-Fired Gas Turbine 


Abstracted from “The Coal-Fired Gas 
Turbine” Coal Age, May, 1950. 

IN A TEST STAND OPERATION in De- 
ember 1949, The Locomotive Devel- 
pment Committee, Bituminous Coal 
Research, Inc., ran a locomotive-size 
gas turbine, using pulverized coal as 
fuel. Coal handling, combustion and 
fyash removal problems have been 
solved after five years of research and 
levelopment. 

Coal is pulverized and stored in a 
xin from which it is fed to a pressur- 
zing rotary pump. The air compres- 
sion system supplies 220,000 Ibs. per 
our of which 93,000 goes through 
he coal-burning component and the 
remainder to an oil burner. A _pre- 
heater on the coal side provides a 
ost that later will come from the 
xomotive regenerator. 

Burning takes place in a cylindrical, 
stainless steel combustor, where the 
emperature of combustion products 
and excess air jumps to 1300 F. Com- 
ustion efficiency exceeds 95 percent 
it 1,800 Ib. of coal per hour. At this 


Real locomotive will burn coal on both sides, 


Two separators extract fly ash before combustion gases enter the turbine 


firing rate, heat release is 750,000 Btu 
per hour per cu ft. or 6,000,000 Btu 
per hr per sq ft of cross sectional area 
There is relatively little slagging and 
nearly all the ash appears as a fine dry 
powder suspended in the combustion 
gases 

The oil burners are similar to film 
cooled combustors used on jet aircraft, 
and the discharged air is used to tem- 
per the far hotter air from the coal 
side. 

Fly ash is removed from the coal- 
side gases in two steps. A lower sepa 
rator concentrates the large particles in 
a small air stream in the first stage 
This stream is then blown down to 
atmospheric pressure, quenching incan 
descent coal particles. 

The second stage removes the re 
maining 50 percent of original solids 
in two banks of American Blower tube 
separators. Ash concentrates into 10 
percent of the air stream in the first 
bank, and is packed into 1 percent of 
the original air in the second. This 
dust-laden air is exhausted 

The turbine in this test could not 
tolerate temperatures over 1000 F, and 


the coal combustion gases were cooled 
after the fly-ash separator, by mixture 
with the oil section exhaust. Resulting 
Actual loco 

' - 


motive turbines will use gas at full 


temperature is iO | 


coal combustion heat, 1300 | 
The turbine is started by an auxiliary 
steam turbine and speeded up by the 

. ; 
before the coal combustor is 
started. Rated speed is 5,180 rpm 
Speed hold ba astant. thouct 
Specs ids fairly constant, though 


oil side 


temperatures at the combustor outlet 
oe 


vary as much as percent from mean 


Vaiues 
loads have been put on the tur 


No 
pine as yet application to a 
rt 


KW alternator is contemplated. After 
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trate have been developed. They are 
shaped easily, have small internal 
lamping, and are not too readily dis- 
sociated. Piezo-electric constants 6 to 
8 times those of quartz have been 
reached. The ratios of capacities 
C../C_, is 4 to 10 times smaller than 
that of quartz, giving wider ranges of 
resonance. 

[hese synthetics can not replace 
quartz, however. Their temperature 
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coefficients are at least 5 times, and in 
most cases 20 to 30 times, that of 
quartz. 

One more piezo-electric material, of 
an entirely different type, has been 
developed. This material, barium ti 
tanate, is peculiar in that it is used 
in polycrystalline form. The normal 
piezo-electric effect is not noticed in a 
polycrystalline substance since the vari 
ously orientated crystals neutralize each 
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ther's action. Barium titanate, though 


exhibits an “induced piezo-electric’ ac 
tion. This effect is derived from ele 
ro-striction, present in every substance 
deformation X 
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Oil Holes and Grooves in 
Plain Journal Bearings 


Abstract from Technical Report 1449, Na- 
tional Bureau of Standards. 
IN THE LUBRICATION of journal bear- 
ings, the method of admitting oil to 
the bearing constitutes an important 
problem in design. Fundamentally, the 
oncept of the load-carrying film indi- 
ates that it is desirable to avoid oil 
holes or grooves which interfere with 
the normal development of hydrostatic 
pressure to support the load. In some 
bearing installations, however, it is not 
possible to satisfy this requirement. 
Investigation covered five different 
urangements for feeding oil through 


hole with flat in shoft 
40 50 60 70 


pressure, psi 


OIL-FLOW oil-pressure 
for different feed arrangements when op- 
erating at a load of 3008 Ib. per bearing 
and a speed of 2030 rpm. Q, the rate of 
oil flow per bearing in cubic inches per 
minute, is plotted against p, the corrected 
oil pressure in pounds per square inch. 


versus curves 


the bearing shell. These included one 
hole at the center of the unloaded 
side; two holes, one each on the loaded 
and unloaded side; four holes, each 
iS degrees from the line of the load; 
one axial groove at the center of the 

loaded side: and one circumferen- 


tial groove. lests were also made with 
hree arrangements for feeding oil 
trom the center of a hollow shaft 

this ts, one and two oil holes in the 
shaft, and a one-oil-hole arrangement 
terminating in a flat that extends along 
the surface of the shaft for one-halt 
the bearing length. For all these ar- 
rangements each hole or groove was in 
the axial center of the bearing and was 
connected to the source of oil supply. 


ONE O1t HOLE IN BEARING. The ab- 
sence of holes or grooves on the loaded 
side of the bearing permits normal 
development of pressure in the oil 
film. Consequently, the bearing has 
relatively low friction and low ZN/P 
at transition between stable and ua- 
stable lubrication. While the single 
hole does not allow the highest oil 
tlow, it would probably provide ade- 
quate heat dissipation for most con- 
ditions. 


Two O11 HOoLes IN BEARING. The 
single hole on the loaded side with 
this arrangement apparently disturbs 
the normal development of pressure 
in the oil film, causing a measurable 
increase in friction and in ZN/P at 
the transition point. The particular 
location of the oil hole on the un- 
loaded side is adverse from the stand- 
point of oil flow; hence the rate of 
heat dissipation is somewhat lower 
than the arrangement with one hole 
in the bearing. 


AXIAL GROOVE IN BEARING. This ar- 
rangement apparently provides a 
slightly better distribution of oil for 
the development of the load-carrying 
film than the arrangement with one 
hole in the bearing. Consequently, the 
bearing has low friction and lowest 
critical ZN/P, and the high oil flow 
provided is advantageous where forced 
cooling is necessary. 


FouR HOLEs IN BEARING. The two 
holes on the loaded side disturb the 
development of pressure in the oil 
film to a greater extent than the ar- 
rangement with two holes in the bear- 
ing. Critical ZN/P is higher but the 
friction is comparable. The two holes 
on the unloaded side are not in ad- 
vantageous positions, and its oil flow 
and rate of heat dissipation are com- 
parable to the arrangement with onc 
hole in the bearing. 


CIRCUMFERENTIAL GROOVE IN BEAR- 
ING. The groove dividing the bearing 
into two narrower parts increases the 
friction and causes a relatively high 
critical ZN/P. The high friction is 
counteracted by high oil flow and rate 
of heat dissipation. 


ONE O1L HOLE IN SHAFT. The pas- 
sage of one oil hole across the loaded 
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portion of the oil film has little 
on both friction and critical ZN 
which are only slightly higher tha: 
the arrangement with one hole i: 
bearing. When the hole is exp 
to some portions of the loaded 
the oil feed is practically shut 
Consequently, this arrangement re 
in the lowest oil flow and rate of 
dissipation. 


Two O1 HOLes IN SHAFT. With ty 
oil holes for each journal, the distur 
ance to film-pressure development o 


curs twice in a revolution, resulting 


slightly higher friction and criti 
ZN/P than with the arrangement , 
one hole in the shaft. The two hol 
also provide a greater oil flow an 
rate of heat dissipation. In this 

spect it is comparable to the arrang 
ment with two holes in the bearing 


ONE O1t HOLE WITH FLAT IN SHai 
The flat at the end of the oil 
causes considerable disturbance to ¢! 
development of pressure in the < 
film, increases the friction, and mark 
edly increases the critical value of 
ZN/P. The oil flow and rate of heat 
dissipation are higher than in the ar 
rangement with one hole in the shaft 
without the flat but not sufficient t 
counteract the effect of high ZN/P at 
transition from stable to unstable 
lubrication in the sleeve bearing film 


X-Ray Machine 
Grades Fruit 


Abstracted from “Big Saving With New 
X-Ray Fruit Grader” by James Josep! 
Food Industries, April, 1950. 

A NEW FULLY AUTOMATIC X-RAY 
CHINE grades and sorts oranges 
six juice quantity classifications 
tecting frost-damaged fruit at the san 
time. The principle is that orang: 
with more juice are less easily pene 
trated by x-rays. The juice collects 
the center of frost-bitten fruit anc 
reabsorbed by the tree, leaving 
relatively dry. 

Oranges travelling in a cup 
veyor are viewed by a photoc! 
cell which adpusts the x-ray bean 
to each orange. Larger fruit pass less 
radiation. The machine remem: 
the compensated beam size to be 
with each orange. 

The orange then passes undc 
x-ray unit where its opacity is 
pared to normal fruit. The el 
current representing the difference 
tor enters a network which cause 
orange to be pushed out of the 
veyor into the correct bin. The > 
ing and bin selection takes pla 
1/100 second. 
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THE NATIONAL BUREAU OF STANDARDS SEAC computer is shown with opera 
or's control table in foreground. The teletype keyboard and printer are used for direct 


put and output with numbers and 


instructions 


coded in hexadecimal notation 


Digital Computer is Fastest Yet Developed 


RECENTLY COMPLETED BY THE NA 
IONAL BUREAU OF STANDARDS, the 
SEAC automatically sequenced elec 
mic Computer can handle seven basic 
tders faster than any other computer 
this type. 
Because SEAC 
quickly as possible, its design was 
t simple, and the equipment which 
1ad to be built was held to a minimum 
vas designed to operate initially as 
serial machine because this mode of 
ration requires less equipment than 
parallel method; this does not 
ever, mean tunctional 


was needed for use 


less ette 
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tiveness. The list of basic operations o 
orders was kept as short as possibl 
for the same reason. SEAC 

basic orders, chosen after a caret 
study which established their 


has seven 


’ : 
soiving the most ¢ia 


Ss expe 
I 


venience for 
rate problems the machine 
to handle: addition, subtraction, m 
plication, division, comparison, logi 
transfer, and input-output control 
The comparison order allows 
numbers to be compared 
which is larger. This 
the machine a degree of 


‘ later 
oO aetern 


reature 


I+ ; 
c ii Ol i oO 


The logical transter 


high comp 


\ 


r] 


AC to add or s 











TYPICAL INTERIOR VIEW of the new computer shows the tube-base-mounted ger- 
manium-diode clusters used as high-speed electronic switches. The long fiber tubes 
enclose short lengths of continuously- wound electrical delay lines. 


magnetic wire input-output unit with 
a single serial information channel has 
already been planned. The time to 


read a block of eight words in or out 
with the magnetic wire scheme is less 
than a tenth of a second; with the 
present punched tape it is 16 seconds 
SEAC is flexible enough to accommo 
date a wide range of serial or parallel 
input-output systems, so that future 
developments can be directly incorpo 
rated. 

All of these specific SEAC design 
considerations are a part of a much 


broader NBS program on automati 
electronic computers. The program has 
four principal phases: fundamental re 
search, engineering development, ma- 
chine design and construction, and 
technical coordination. 

The fundamental research includes 
basic studies in numerical analysis, 
logical design, programming tech 
niques, and circuit efficiency. The 
long-range objective of this research is 
faster, simpler, and more versatile com- 
puters, and more effective use of the 
machines already in existence. 





Ersatz Is Back 


ACCELERATED INVESTIGATIONS §lead- 
ing to substitution of plastics, wood 
and other materials for critical and 
strategic metals and minerals is under 
way by several government depart- 
ments. 

The investigations are part of the 
stockpiling program. They form one 
segment of a larger program intended 
to strengthen U.S. resources. Increas- 
ing the efficiency of use of strategic 
and critical materials is another seg- 
ment of the program. Operations are 
parcelled out among the 3 services, 
the Munitions Board, the Research and 
Development Board, and the Depart- 
ments of Agriculture and Interior. 

As part of the program the Army 
is reviewing specifications at the time 
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of procurement with a view of sub- 
stituting readily available non-critica/ 
and non-strategic materials. The Navy 
is running a systematic program to 
encourage redesign of essential parts 
of ships and components so as to use 
alternate materials, or, in some in- 
stances, to reduce the amount of critical 
naterial required per unit. The Air 
Force and the other services are sav- 
ing material by procuring “miniatur- 
ized"" components, particularly in the 
electronic field. The reduced size of 
parts thus scales down material re- 
quirements. 

Masterminding the operations is the 
Munitions Board with the help of the 
Research and Development Board. The 
RDB has a 3-point program aimed at 
(1) finding alternate or substitute ma- 
terials, (2) finding more effective ways 
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of using critical materials, and 
surveying developments which ma 
veal significant new requirements 
wartime equipment. Operational 
sponsibility for this “materials 
servation” however, is in the Def 
Department’s three services. H 
major savings of scarcest materials 
possible through redesign and alte 
tive specifications to enable shifts { 
scarcest materials to others. 


An instance of this type of acti 


is the redesign of the Air Force 
engines where exacting requiren 
upon metals used within the tur! 
has led to the use of extremely s 
alloying substances and a search is 1 
under way to find more plentiful s 
stitutes for these items. 

Another example of “materials 
servation’” by substitution is in 
iron. Nodular cast iron, which is n 
superior to the older cast irons 
many applications, has required 
rare metal cerium for alloying 
poses. Recent developments by 
Navy and industry have resulted 
process for substituting the more 
tiful metal magnesium as an alloy 
agent in the nodular cast iron. 

Military researchers have found t 
asbestos and natural mica in electri 
uses may be replaced with fibrous g! 


and synthetic mica. The Army is 
perimenting with nitriding as an ant 


corrosion coating to replace s 
strategic materials as cobalt, chro 
and molybdenum. 


Pint-Sized Rocket 
Aids Experimenters 


A ROCKET MOTOR small enough 


hold in your fist is helping chemica 
engineers at the Massachusetts Institu' 
of Techonology develop fuels for fu 


size rocket-powered missiles. 

This tiny liquid-fuel rocket n 
is believed to be the smallest of 
type in the world. By running on \ 
small amounts of fuel and by elin 
ing the need for elaborate safety 
cautions, it makes pessible experi 
costing far less than full-scale tests 

In research under the directi: 
Professors Hoyt C. Hottel and ¢ 
C. Williams of the M.I.T. che: 
engineering department, the so 
“microrocket” has proved its 
in testing rocket engine fuel eff 
cies. The studies are under the im 
ate supervision of Bradford D 
and Saul Wolf of the M.I.T. re 
staff. 

Already the results have br 
about a more complete understa 
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rocket fur 
k will continue to 
and is also expect 
wers to Spe 1N¢ 
s. The microrocke 
of a 
ler way at M.I.T. under the auspices 
the U. S. Navy Bureau of Ordnan 
Office of Naval Rese 
The M.I.T. microrocket 
» pounds of fuel in the one 
ing which 12 tons would be used 
a rocket the size of a German V-2 
1e microrocket on @) 
same principle 
gh ethciency as its larg 
uit on a greatly reduced 
Although built 


comprehensive project now 


arch 
' 


only 
minute 


USCS 


oneratc 


and with 


tO USC liquid 


N C A L 
ro ket fuels, the 
date been used chiefly with 
nation of liquids which ignite spon- 
When they come 
+h 


motor, the re 


microrocket has to 


a combi- 


taneously on contact 
tovether inside a rocket 
flame makes a_ tremendous 
amount of heat and therefore power 
Though a toy in size, the M.L.T. micro 
rocket living ] 
thing inds of fu 


one 


suiting 


room p 
t 


wor 


is hardly a ay 


On two po 


for minute, 


300 pounds of 


motor, shoots gas out 


about 5,000 mph 
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mes the velocity of so 


and produce 


furna 


speed ol 
>i ¢, 
onditions, 


same rate as doe sa 


to heat an eight-room 


N 
Pressed Metal Institute 


Meets In Cleveland 
CLEVELAND, OHIO 


component parts 


Problems ot 
metal stampers as 
rers, and the demands upon 

g a period of mobilization 

be major topics of discussion at 

the annual meeting of the Pressed 
Metal Institute, national association of 
metal stampers, September 11 through 
17. The meeting will include a boat 
ip the St. Lawrence and Saguenay 
three-day stopover at 

located at the 


trip vu 
livers with a 
the Hotel 
conflux of the 

This PMI convention be un 


usual for there will be no speakers an i 


Tadoussac 
rivers. 


will 





Lehigh’s Second Product Design Seminar 


MOVING FROM A STAGE described as a 
shake-down cruise’ to that of 
defined service, Lehigh University’s 
Product Design Seminar in Beth!ehem, 
Pa., has completed its second year with 
13 delegates from 15 industrial firms 
participating. 
Commenting that “it 
come well recognized that we are not 
running a summer school 
signers,’ Raymond Spilman, co-direc 
tor for the Society of Industrial De 
signers which jointly the 
Seminar, stressed that the program is 


1 
well 


} 


has now be 


} 
for de- 


spo isors 


; 


level representatives ot 
management and engineering 

One of the major objectives of the 
according 
Ramberg, Lehigh Universi 
the 
of unity throughout the development 
of the product 
product development out into the open 
and have all representatives of design, 
engineering, and management involved 
in the discussions right from the start, 
Spilman said, adding that “for the pro 


ot 


drawing top 


Seminar, to Spilman and 


Einar M 


co-director, is to carry philosophy 


bring 


"The idea is to 


tection of the investment manage 
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ment, the engineer and de 
at the 
developm 
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Seminar delegates watch as PE’s editor George F. Nordenholt and industrial Designer Peter Miiller-Monk examine a new product 
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A DISPOSABLE CONSTANT-FLOW OXYGEN MASK 
is being produced for emergency use on airlines and non- 
inilitary passengers on military lines. It will cost about 25 
ents when it gets into mass production. As the wearer 
breathes in oxygen, the bellows expands and contracts and 
the gases he exhales escape through the porous paper. The 
lisposable mask is a development of the Air Material Com- 
mand’s Aero Medical Lab at Wright-Patterson Air Force 
Base, in conjunction with the H. L. Burns Co. of Portland, 


Orcvon 


off La. Jolla, Calif. 


down to 10,000 ft 


stallations 


see 
GIANT CAST STEEL DIVING B 
scope, in which Otis Barton, Boston scientist, 
undertake mile-deep undersea explorations in Pacific wate: 
The massive cast steel bell is designed 
to withstand pressures beyond 3,000 psi with assured safet 
at depts of at least 6,000 ft and theoretical safety factor 


than a man, it wei; 
and has 


Soctety of A 


fvanders 


soon 


' 


rt 


W 


ELL, known as a benthy 


Cast in an alloy steel, the benthosco; 


machined walls 1} in. thick 


was made by Atlas Steel Casting Company, Buffalo. Tal 
ghed 5,400 lb without equipment 





no speeches. Instead, a continuous 
series of committee meetings, both on 
the boat and at the hotel, has been 
planned. Each of these will be con- 
erned with problems resulting from 
urrent international conditions. 

When in session personnel of the 
ommittees will be augumented by 
Institute members having direct or in- 
direct interests or special skills which 
might further the primary objectives 
of some phase of a committee's cur- 
rent activity. 

Emphasis also will be placed upon 
the completion of plans for mobiliz- 
ing the facilities of the stamping in- 
dustry and for establishing basic man- 
power requirements. 


British Extrusion-Coat 
Aluminum Electrodes 


LONDON—A British firm, Murex 
Welding Processes, Ltd., has recently 
nnounced the production of aluminum 
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welding electrodes with an extrusion 
coated flux. This change from dip- 
coating to extrusion coating has long 
been considered a possibility by Ameri- 
can electrode manufacturers, but up 
until this time no U.S. firms have 
seen fit to go ahead with the necessary 
development work required 

The new electrode being 
duced to a new formula which, it is 
claimed, gives it several useful char- 
acteristics. One of the most important 
of these is that the running properties 
are comparatively smooth, the spatter 
often associated with aluminum weld 
ing being greatly reduced and the arc 
easier to control. Consequently the 
electrode can be used in any position, 
even overhead, although it is essen- 
tially designed for welding in the 
downhand position. 

Another advantage which has been 
achieved in the development of this 
new electrode is that the slag is easy 
to remove. On a close butt weld on 


1S pro 


ld 
suitable plate the slag is self-releasing 
Even when this result is not obtained 


Pro! UCI 


the slag will be far easier to ren 


than that produced by previous typ: 


of electrodes 


The coating of the new M 


aluminum-silicon extruded type diffe 


entirely from the dipped coating 
more stable in storage and is n 


less likely to pick up moisture. Nev 


theless, like all aluminum types, t 
electrodes should be stored in a 
place to avoid the possibility of 
ture absorption 


ASME Meeting 
Features Textiles 


THE AMERICAN SOCIETY OF MEC! 
ICAL ENGINEERS will hold its 
meeting in Worcester, Mass., 

19-21 at the Hotel Sheraton. Som 
papers in such fields as heat trai 
management, rubber and plastics 
tile, power, machine design, sa 
gas turbine power, fuels, hydra 
materials handling, production 

neering, metals engineering and 
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THE PATENT OFFIC! 
grave consideration, issued 
2,513,494 to Albert ]. Klis 
Ill ' er } ta ] ; 
A “TELEPHONE” DIAL on a dispatcher’s desk in the Shell Oil Company 
New York City office now operates, by remote ontrol, four new, G-E equipped 

omatic pumping stations on the oil company’s eight-inch petroleum products 
pips line almost 1,000 miles away. To reach any of the four special controlled 
pump stations along the line, dispatchers merely dial code numbers. The dialing 
ctivates equi,ment at the statio o start or stop pumps or request information 
on operating conditions. A unique telemetering system then automatically sends 
reports back to New York. The new system also enables the dispatcher to sound 

siren at each station to summon the man on duty to handle any emergeng THE NATION'S 
that can't be controlled by the new remote control system meet “ Octobe 

searcn ounda 


of Techn 





industries will be delivered at 24 tech- year Army spokesmen told a Congres 

nical sessions sional Committee that the new type German 
Appropriate to the New England helmets are more expensive than steel,  husiness. Its 

locale, there will be four textile ses but that with increased production they nts was tl 

sions. Topics to be covered at thesc should cost less. The material itself 7 

sessions include plastics in the textile s cheaper than steel 

industry, industrial applications for 

nylon plastics, basi distribution of “Drv” Bearings 

cost dollar in textile manufacturing, ., ¢ , 

site selection and construction of Show Promise 

worsted and woolen mills for low 

cost Operation, production crimping of 

natural fibers and the construction « 

modern cotton and rayon mills 


) 


wyority 


RECENT TESTS of 
ver bearing materials at . S$ 
Flight Propulsion Laboratory, Cleve- 
land, Ohio, are expected to lead 
; ; practical applications of 
Plastic Helmets For Army alloy 
; Experiments were condt t 

SOLDIERS FIGHTING IN THE Far East laboratory researchers to determine the 
may be issued a new type of plastic feasibility of lubrication by transfer 
helmet. It is made from compressed of molybdenum disulfide (MoS,) 
lon fiber. The Army is procuring a from the structure of a composite bear 
large amount of them for field test ing material to the contacting surfac 
irposes. Army Ordnance spokesmen of sliders at sliding velocities of 75 

iy that the new helmet has greater 8,000 fpm and loads of 269 to 1,017 
illet protection than the old steel hel- grams. Loaded cylindrical specimens 


- i 
net and also weighs less. Earlier this had hemispherical surfaces contacting 
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as o dielectric material 
from —100° to +500°F. 


Over that wide temperature span 
only Silastic, the Dow Corning Sili- 
cone Rubber, remains resilient and 
retains high resistance to weathering, 
Add 


good dielectric properties to those 


moisture, ¢xidation and ozone. 


advantages and you have the reasons 
why Silastic is an excellent insulating 
material for high temperature, high 
voltage cable and for use in equip- 
ment where meckanical breakdown 
limits the effectiveness of resinous 
insulating materials, 
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Silastic* is extruded over wire and cable 
ranging in size from No. 22 to 500,000 
circular mils to provide insulation at 
temperatures from — 80° to 400° F. 


Many engineers are familiar with Silastic as a remarkably heat stable and 
oil resistant rubberlike gasketing and sealing material for use between 


— 100 to 500 


F. Silastic as a dielectric for ignition and intercommuni- 


cation cable and for field and armature coi!s is, however, a relatively new 
development. That’s why Dow Corning has made available reprints of a 
recent article giving the most up-to-date information on the physical, 
chemical and dielectric properties of Silastic. To receive your copy, phone 
the nearest branch office or write for Reprint No.R-21A. 


*T.M, REG. U.S. PAT. OFF. 
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SILICONE NEWS| 





THAT’S SILICONE 
SERVICE TO INDUSTRY 


Cost conscious maintenance men through- 
out industry now specify Class H Insulation 
made with Dow Corning Silicones. It keeps 
hard working, critical motors on the job. 
Here's a typical example from the steel 
industry. A cupola crane hoist motor insu- 
lated with the best Class B materials 
failed 22 times in 1098 days. Average 
life was only 50 days; rewind costs alone 
amounted to $3,634. 

Then National Electric Coil Company 
of Columbus, Ohio, rewound the motor 
with Class H (DC Silicone bonded ond 
impregnated) Insulation at an extra cost 
of only $79. That motor, still in good 
condition after 613 days on the hoist, was 
transferred to the trolley bridge. It's still 
in service after a total of 1521 days. 
That's silicone service to industry. 


HERE’S WHAT IT 
MEANS TO YOU 


Dow Corning Silicone Insulation offers 
greater freedom in the design of elec- 
trical With this remarkably 
heat stable insulation you can reduce the 
size and weight of motors, generators, 
transformers and solenoids by 50 
100%. That's because Dow Corning 
Silicone Insulation withstands tempera- 
tures 100° C. above Class B limits. 

For more information on how to lower 
maintenance costs, increase productivity 
and improve electrical machine design 
with Silicone (Class H) Insulation, phone 
our nearest branch office or 
Dept. R-21. 
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Spur Gear Durability 


J. E. RICE 


Gear Engineer, Wright Aeronautical Corp 
W oodridge, N 





CALCULATION OF Hl LIMITING LOAD for wear of steel 
reais can be simplified by these nomograms. Charts are 
ascd on the Hertz e¢ juation for compressive stress of 
irved tooth surfaces at the pitch diameter. The most im here: 8, is 


vortant factors used in dcsigning gear drives are con gential force at the 


veniently expressed in this chart, such as: the number of the number of teeth in the 
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teeth, pitch diameters, and the actual pressure angle. The , is the pinion 


modified Hertz equation for external, steel gears is given by 
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us sign should be changed to minus 

Extensive testing of aircraft gear drives has determined 

ullowable compressive stress value of 160,000 psi. This ( 
pplies to tooth surfaces that have been hardened to Rock width would 
vell C 60. For steels with a lower hardness, the allow EXAMPLE: Det 


‘ 1 } } , ’ . 
le compressive stress should be reduced proportionately internal gear drive whi 


] > 


ith the hardness to a value of 75,000 psi at R,. 20 ». The pitch diameters ar 


gear is 10.5 in., and the 
EXAMPLE: Find the minimum width of an external gear PROCEDURE: Draw 
irive to transmit a 1,500 Ib. load. The gear and pinion RK = 10.5/2.5 
ie 6.75 and 2.25 inches respectively, while the actual C. Line II is drawn 
ysressure angle is 21 degrees pressure angle. Point 
Line I is drawn between PD, 2.25 and the size ratio, of this Line II and the Inde 


PD, PD, 6.75 /2.25 3.0 to Index Scale A to III ts projected through 





sh point a. A line (II) drawn between point a and to the tangential force of 


I 
yf 71 r. determin-s point on Index of the teeth is thus found t 


Internal Gears 





PD,, Pinion Pitch Dia-in 


Stress-psi * 1000 











ompressive 


if 
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No matter what structural materials are used. 
your products or equipment will last no longer 
than the fasteners that hold them together. 

This is why many fabricators and contractors 

rely on fasteners made of Armco Stainless Steel 
bars and wire. 
Stainless fasteners offer these advantages: 

1. Top corrosion resistance for long trouble. 
free service life. 

. Threads of this hard, solid metal stand up 
under driving and repeated use. 

. Costly repairs encountered when ordinary 
fasteners fail due to severe rusting or heat 
oxidation are eliminated with stainless. 

. No discoloration of adjacent materials. 

. In some cases stainless fasteners are com- 
petitive in price with fasteners made of 
plated metals. 


wear 
j gb bebo uesddds 


SSS 
~~ 


fs 
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THEY FABRICATE READILY 


Manufacturers of bolts, nuts, screws, nails, rivets 
and washers find that Armco Stainless Steel bars 
and wire are well suited to “upsetting” and ma- 
chining. 

If you want fasteners that /ast, consider stain- 
less steel. No other metal can give you the 
combination of high corrosion re- 
sistance, strength, durability and 


attractive appearance that stainless 
steel offers. 


Write for more information. 


PRM Co 


VY 
CORPORATION 


4530 Curtis Street, Middletown, Ohio © Plants and Sales Off 
from Coast to Coast @ The Armco International Corporation, World-Wic 
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Nomograph for Weight of Metal Bars 


CARL P. NACHOD ind extend it to 
Vice President, at turning point # 
Nachod and U. S. Signal Co., Inc line (IID) 
[HIS NOMOGRAPH provides a conven we ow 
ient and simple means of determining 
+he weight of metal bars which may be 
either circular, square or hexagonal in 
shape. Chart has been constructed to ea 
' metal bar in pounds per foo 
include the densities of several differ I t 
nt metals EXAMPLI 
To use this chart: a brass Hexagon bar of 2.5 in. (a 
1. A line (I) is projected hori flats) 
zontally from point r on the A Scale At 2.5 i the A Scale a hori 
to point s on the B Scale. The point ’ zontal line 
corresponds to the B Scale 
dimension, D, of the bar choosing the hexagonal point on the 
2. Draw a line (11) from point Lower C Scale, a line (11) is projected 
on the Lower C Scale (which defines to the A Scale. A line (III) is then 


the shape of the bar) through point drawn between this point and the brass 


CT tal 
i. The intersection of line III 
the B Scale gives the weight of t 


question 
Determine the weight of numerical value of this weig! 
, ‘ a 
rOss A M&Aal nomzontaliy pr 
h t proper 
drawn to interse 


cross-sectional _ the Using this point and 


f 


S 
of bar in 'b per 


\ 


6 ~ @ © 
m 
Vyeight 


a] 














section 








Cross 


Square 
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RED DYE is brushed or sprayed on after surface has been 
washed with a special cleaning fluid. It is allowed to penetrate 
tor 5 to 15 minutes and is then rubbed off as shown. Cloth 
takes dye out of threads and normal surface indentations. Only 
in tight crevices is the dye retained; below surface and invisible. 





WHITE DEVELOPER is applied after surface has again bev 


washed with volatile cleaner. As developer dries it draws red 
dye out of cracks to show bright red flaw lines. The process 


works on magnetic and non-magnetic materials. The fluids are 


harmless to hands or metals. Internal cavities are not shown 


Cracks in Metal Parts Show Up With Red Dye 


Red liquid is wiped from surface but sinks into cracks. White coat 


is painted on to dry and suck tell-tale red out of crevices. 


metal inspection process has been 

loped to detect surface cracks in 

ul parts. Disassembly of parts is 

tally mot necessary. No auxiliary 

quipment is needed. The process was 

first used in the aircraft industry on 
ras turbine parts. 

The surface is cleaned and washed 
with a special cleaning fluid. A red 
lye, with very low surface tension, is 
hen applied. This red dye works 
leep into the slightest surface crack. 
\fter 5 to 15 minutes the surface is 
iped and cieaned. A white developer 
; put on. This developer dries and 
raws the red dye out of deep cracks. 
racks show as brilliant red lines on 
hite developer. 

The process works on magnetic or 
on-magnetic metals. The fluids are 
non-corrosive and non-toxic. One man 
loes the job, lasting 20 minutes in all. 
Strictly internal flaws of course cannot 
be detected. There must be a crack. 


Cracks 


CRACKS SHOW UP as red lines. Faults that are invisible to ordinary inspectior 
even with a magnifying glass, are spotted easily. High stress parts can be inspecte: 


without disassembling the whole machine. Welds are checked easily. 


Div. of Northrop Aircraft, 
Broadway, Hawthorne, Cali}. 
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Electric Clutch Holds Synchronous Speed Without Slip 


Also operates with slip, giving increased 
c X 
torque from eddy-current effect. 


These fractional hp electric clutches are capable of syn 
hronous operation, at zero slip. Capacities up to 3 hp are 
now available, with 30 watt control power 

For illustration, the driven member can be thought of as 
a disk of high-hysteresis, permanent-magnet material. The 
driving members are 
wiching the driven disk and rotating on the same axis. Each 
tooth is an electro-magnet, fed by the control current. The 
disk is cut by flux lines and pulled along as the driving 
members rotate. A given control current with its resultant 
flux density will hold the disk tightly, without slip, up to a 
certain torque load. As this maximum synchronous torque is 
exceeded, slip begins. Torque transmitted magnetically 
remains constant, while slip induces eddy currents in the 
disk to give an additional torque-carrying factor. Trans- 
mitted torque increases as slip and its resultant eddy 
currents increase 

A larger control current gives heavier flux density and 
illows higher torque to be transmitted. There is no mechan 
ical adjustment in the clutch Slip speeds above 3,000 rpm 
are handled. The new clutch is claimed to be more inde 
pendent of heat than convention fluid-magneti 
Huid or friction TI 


clutches is no mechanical variation 
of the air gap. 


7 
two saw edge cookie cutters, sanc 


losses 


is varied instead 


Dung 








a 
z 


Transmitted torque - in. o 














500 {000 1500 2,000 2,500 3,000 3,500 
Slip-rpm 











transmitted without slip by magnetic 


RATED TORQUE is 
attraction. Slip, with eddy currents gives increased torque. Each 
curve represents a set control current. Allowable continuous 
torque at any slip rpm is of course limited by temperature. 








BC 


torque 


Transmitted 




















MAXIMUM TORQUE TRANSMITTED without slip increases 
with applied current. Greater torques bring slip. Advantages of 
Eddy cur 


torque 


magnetic and eddy-current clutches are combined 


rent torque varies from 3 to 10 percent of net 


MAGNETIC CLUTCHES up to $ hp have already been made 
Torque transmission capacity at constant control current is not 
effected by slip-heat loss. Overall shaft length on the 4 Hp 
model is 74 in., body length 4} in. and outside diameter 4 inches 
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Amplifier Used With Strain Recording Oscillograph 


implifier, when used with a magnetic oscillograph, 

ides a complete unit for the measurement of strain or 

other phenomenon where a resistance sensitive pickup is 

employed. This equipment records static or dynamic strains 

p to 100 cps; direction and magnitude of the strain can 
read from the chart 

Four active gages may be used. When less are employed, 
lummy gages or precision resistors must be substituted to 
omplete the bridge network. One of the dummy gages 
may be used for temperature compensation when a single 
active gage is employed. An internal calibrating resistor 
may be connected in the bridge circuit to adjust overall gain. 
The calibrating resistor is intended for the SR-4 120 ohm 
strain gage but may be changed for the calibration of in- 
dividual gages, so that strain can be read directly in micro- 
inches per inch from chart deflections. 

Although primarily intended for use with the SR-4 120 
ohm strain gage, it is possible to use any gage type with 
ohmic resistance of 50 to 1,000 ohms. The instrument can 
be used for recording pressures, temperatures, accelerations 
or forces, provided the equipment is calibrated in terms of 
the particular pickup used. 

Terminals are provided for connection of a bridge switch 
to permit sequential readings of six pre-calibrated strain 
gage circuits of four gages each. The output of the ampli 
fier consists of three stages, direct coupled, designed to 
match the characteristics of the direct inking oscillograph. 
This section may be used as a general purpose, low gain d-c 
amplifier with gain and centering controls provided. The 
amplifier may also be adapted for use with graphic re- 
corders. Power required is 135w, 100 to 125 v, 60 cycles. 


Overall dimensions are 17} x 11 x 73 in., weight is 30 |! 


Recommended gages are 120 ohm type, but 50 to 1,0 
ohm gages may be used. Output impedance is 50 ohms 
The amplifier must not be loaded with less than 150 ohms 
12 tubes are required in all. 


Brush Development Co., 3405 Perkin 
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Double Clutch Transmission Has Two Output Speeds 


A two-speed automatic transmission of 20 hp capacity, 
with minimum input speed of 900 rpm, has been announced. 
The mechanism consists of two over-running clutches, one 
engaging in a clockwise and the other in a counter-clock- 
wise direction, so arranged that by reversing the motor, two 
speeds are provided, one at direct motor speed and the 
other at a pre-selected reduction, without changing direction 
of rotation of output shaft. -Motor controls are accom- 
plished by means of a push button, limit, or timing switch 
or other electrical means. In the 20 hp model, the low 
limit of reduction is 6 to 1, but any pre-selected ratio, from 
direct motor speed to this low limit is obtainable. Other 
models are built to handle 5 to 50 hp motors. The trans- 
mission has general application to machine tool controls, 
and is also adaptable to special machinery in chemical proc- 
ess and service industries. 

Constant speed motor drives make practical more selec- 
tive speed ratios and multi-speed motors make a proportion- 
ately greater range of speed changes available. 


Western Mfg. Co., 3400 S: 
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GAS! Smetlit! To check qn underground inain for leaks gas com- 


“panies conduct ‘a ““Bdrrifig survey”. . 


drive iron bars through the 


pavement tilt they meet.ihe mein, then pull out the bars and test 
with q Gas Leak Indi€atof, or with the Old-Reliabfe Human Nose! 


> 


3M Sealer smothers $50,000 smell 
for only $7,000 


When a 30-inch gas main springs 
leaks under one of the busiest traffic 
thoroughfares in town, your nose 
knows it...and the gas company 
knows fast action is necessary. 

Naturally the western gas com- 
pany that owned this leaky main was 
worried. A barring survey disclosed 








50% to 100% gas indications over a 
356-foot section of piping... and a 
cost survey proved that repairing 


Made in U.S.A. by MINNESOTA MINING & Mrc 


Pressure-sensitive Tapes, ““Scotch’’ Sound Recording Tape, ‘‘Underseal"’ Rubberized Coating 
facing, ‘“3M"’ Abrasives. Genera! Offices: Saint Paul 6, Minnesota. General Export 


Abrasives, Ltd., Brantford, Ontario. 
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it the orthodox way would require 
more than $50,000, including expense 
of temporary trackage for a parallel 
streetcar line and an intersecting rail- 
way spur. 

The answer? Separate shaft exca- 
vations to plug the pipe at each end 
... plus application of 3M Sealer 
EC-801 by one man inside the main. 
Pre-testing proved this 3M Sealer 
resistant to internal and external 
pressures, and all corrosives, solvents 
and contaminants likely to be en- 
countered. Total cost ...less than 

7,000. 

Worth remembering: there are 3M 
Sealers, Coatings and Adhesives es- 
pecially compounded to meet the 
most unusual requirements of almost 
every industry ...to withstand the 
punishment of almost every kind of 


, Apuestves Anp Coatincs Drv 


195 


, 411 Piquette Ave 
Scotchhte 


Durex Abrasives Corp., New Rochelle 


to last 
enduringly, protect completely and 
hold tight on critical jobs of every 
kind. And if we're not making the 


corrosion and weathering 


one you require to meet your specific 
problem, a letter to us will have our 
engineers on the job in a hurry. 

. no obligation. And 
ask for your copy of ““3M Adhesives 


Callor write 


e Coatings e Sealers.” 





ttawn 


ADHESIVES-COATINGS 
SEALERS 











Detroit 
Reflective Sheeting 


N. ¥ 


2, Mich. Also of Scotch’ 
Safety-Walk 
In Canada 


makers Brand 
Non —~ Sur 


Canadian purex 








All Wearing Pump Parts Removed in One Assembly 


To avoid replacement of individual bearings, wearing Pump bearings are lubricated for life. The cast iron c: 
rings and other parts, a pump has been designed in which brackets to hold be 
every wearing part is contained i ne removable rotor ings. Shaft is stainless steel. It is extended on both en 
issembly. The entire unit can be lifted t an placed to permit motor coupling to either end. One ball beari: 
(Three capacities of the centrifuga are built with is used as a locator bearing. Impeller is precision ¢ 
iSO gpm capacities and 230 ft heads as maximum yf si k and keyed to the shaft 

Mechanical seals are used in pla iffing box De Laval Steam Tm 


FOR MAINTENANCE, 1) remove the top cover and end plate MECHANICAL SEALS are used on shaft. There are no stuiling 


studs, 2) lift off the top cover, 3) lift out assembly of end boxes to be repacked. Ball bearings in both pump and moior 
plates, shaft, bearings, seals and rotor. lubricated for life. Motor is coupled to either end. 
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Gear Motors Operate Single or Three Phase 


Right angle, single and three phase gear motors are 
available in 3 to 5 hp at ratios from 5.8:1 to i00:1. Output 
speeds range from 17.5 to 302 rpm. 

Motor mounts on one surface in any position. Nickel 
bronze gears mesh with hardened and ground worms; the 
worms are integral with shafts. Neoprene seals protect ball 
bearings. Alloy steel shafts (180,000 to 320,000 psi, 
tensile) are ground. Drip-proof, totally enclosed, or fan 
cooled models are furnished. Brakes are optional. Baked 
varnish protects windings. 

Special voltages and cycles, off-standard speeds, and 
parallel output or right angle, vertical output motors can be 
manufactured on special order. 

Torque is taken by the semi-steel gear case. Overall 
lengths vary from 14 to 27 in.; heights from 74 to 15 in. 
Top-mounted capacitors for single phase motors increase 
height slightly. Drip-proof motors are standard; totally 
enclosed, non-ventilated or externally fan cooled motors are 
offered at extra price. Single phase units are 115/230 v, 
except } and } hp, which are single voltage. Three phase 
motors are 220/440 v. 60 cycle is standard, 50 cycle brings 
extra cost. 

Speeds from 302 to 47 rpm are available in 3 to 5 hp, 36 Abart Gear and Machine Co., 4828 W. 16th St., Chicag 


0 


rpm up to 3 hp, 29 and 23 rpm up to 2 hp, and 17.5 rp 
2 maximum of 1 hp. Total weights vary from 34 


235 lb in the 20 standard frames. 
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Breather 





Air Cleaner (oil bath type) .24 
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Secondary Fuet Filter 





ire clot 


FOR DIESEL POWER UNITS 


1950 marks fifty-two years of American Diesel development. 
Four years before Adolphus Busch built the first American 
Diesel, Horace Reynolds started the first wire cloth factory 
west of New York state, in Dixon, Ill. Today's modern 
Diesels would not have been possible without the parallel 
development and application of component parts and assem- 
blies in which woven wire cloth plays an important role. By 
promoting engine reliability and economy, Reynolds Wire 
Cloth is helping Diesel power units to set new records for 
low power costs. Reynolds more than fifty years of wire 
weaving experience is at your disposal. 


REYNOLDS WIRE CO. 


DIXON, ILLINOIS 
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Lubes 
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An improved technique allows extrusion of polyethylene the rest of the tube surface. A rubber band clamps 
in pailtan, shapes. Good dielectric properties, with a loss ring in place. A variety of available cross sections a 
factor below 0.001 at 3 x 10° cycles per second are re- shown. Elliptical shapes are also made in the same sx 
tained. The rings are being used to insulate the outer edge tions. 3 ft is maximum diameter. 

of the television tubes. The ring fits over the front rim 

of the tube while a cone sleeve of polyethylene protects Anci lasti ., Inc 


JY 
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Dry Disk Rectifiers Operate Over Wide Temperature Range 


Three sizes of magnesium-copper sulphide dry-disk rec- 
tifiers have been introduced. Medels include a rectifier with 
four to two amp capacity, one with six to four amp capacity, 
and a third for ten to six amperes. These rectifiers have 
been designed for use in small battery chargers and trickle g 
chargers, and for other low voltage d-c power supply appli- 
cations. 

Temperature operating range is —40 to —284 F. The 
rectifiers are not affected by atmospheric conditions. Output 
has been found relatively uniform over operating life. 


Electronic Rectifiers, Inc., 2104 Spann Ave., Indianapolis, Ind 
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Chart Recorder Measures Temperature Or Pressure 


Temperatures and pressures under changing conditions ture ranges cover 40 to 1,000 F; pressure system ranges 
are recorded by a 6G in. chart recorder measuring 83 by 10§ 0 to 5,000 psi. 
by 3} in., and weighing 74 lb. Temperature and pressure The bulb of the instrument is supplied with mer 
systems are interchangeable. The instrument may be con- gas or vapor filling, according to use. Size of the bulb 
verted ‘from a temperature to a pressure recorder, or vice pends upon the filling and the length of tubing actua 
versa, or changed in range of temperatures or pressures re- The instrument is used for measuring temperatures in 0 
corded. nary rooms and refrigerated rooms, and for checking t 
Mounting brackets are reversible and the recorder may be _ peratures in refrigeration installations 
flush or wall mounted. Legs and handle are also available Cities Naianies tile ah Midans: Dhak & ls 
to make the recorder portable and self-standing. Tempera- 149 Wooster St., New York 12, N 
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To cut piping specification time 
.ee use the complete CRANE line 


Suppose, for example, your job is to design this O#/ Preheater. 
You need piping equipment...and lots of it...to efficiently 
control steam and heated fuel oil. Where can you find this equip- 
ment in a hurry? In your Crane Catalog, of course. It lists the 
world’s most comprehensive selection of valves, fittings, pipe 
and accessories. 

Working with Crane as your single source of supply speeds all 
piping procedures, from your original design through to final pro- 
duct assembly. Crane equipment gives your design added value, 
too. Machinery buyers are well aware that Crane Quality stands 
for the best in materials and construction of piping equipment. 

CRANE CO., 836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 


ee ALL THE PIPING EQUIPMENT YOU NEED 
... ALL IN ONE COMPLETE LINE... CRANE 


SCREWED 
FITTINGS FOR LOW PRESSURE SERVICES, 
he 


Crane recommends N 410 100- 


against wedging action of disc. 
Non-rising stem; sci ewed or solder- 


joint ends. Ws rking pressures: 100 


water of 200 150 pounds oil or 
BETAINE MLSS cas of 150° I. Sizes: \4 to 2-inch. 


See your new No. 49 Crane Catalog, 
od 


a ies rege pounds saturated steam; 150 pounds 
SEDIMENT 00° F: I 

* B ' . 

* , . 


a Pound Brass Gate Valves. Upper 
RELIEF a : ee body, cylindrical in shape, com- 
y | a = bines maximum strength with light 
VALVES | va iF —— weight; reinforces valve seats 


p. 15. 


Oi] Prebeater by Mid-West 


\ : b , Heat Service. Chncag 
'e} Re) -} 3 : 
VALVES io 
am ss : 


> } 


iS 


a rags Fs 


EVERYTHING FOR 
EVERY PIPING SYSTEM 


VALVES « FITTINGS « PIPE + PLUMBING AND SEATING 
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Servo Amplifier Completes Model Loop for Laboratory 


Servo designers have been offered a servo amplifier to be 
ombined with the manufacturer's motor to give 
omplete model of an actual servo loop. This servo circuit 
is set up in a fraction of the time needed to build the actu 
ircuit. Only physical dimensions are standardized. 
engineer specifies such characteristics as phase voltage 
duction rate, mounting, gain, phase shift, input impedan 
and damping to fit the particular servo loop under stu 

The amplifier drives a servo motor wound for plate 
plate operation. Two types of the complete package are 
available. 

1. A laboratory model proves the circuit performan 
of a loop under study. It can not meet environmental spe: 
fications. The engineer completes circuit development on 
one economical setup. 

A plug-in package consists of the same circuits used 
in laboratory model. The design meets military and indus 
trial environmental specifications. Applications are in opti 
cal positioners, remote indicators, fire control computers, 
velocity servos, process controllers and military trainers. 

Identical circuits are used in the laboratory development 
amplifier and in the complete operating amplifiers. Damp- 
ing is usually designed into amplifier circuits. 

In carrier frequency servo loops, the amplifiers give all 
the circuitry sealed in the error signal path. They operate 
with autosyns and inductive potentiom 


servo 


) 


ind hoth resistive 
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low errors and some insensitivity to carrier frequency shit 
with light inertia loads. With d-c input signals, a d 
a-c modulator is required ahead of amplifier in error pat 


Operates on 60 or 400 cycles 
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Metal Parts Are Sorted By Metallurgical Characteristics 


High speed non-destructive quality control and sorting 
of metals parts is accomplished by a new automatic instru- 
ment set. Operating on magnetic principles, it can sort 
by analysis of part structure, hardness, case depth, brittle- 
ness or almost any metallurgical difference. Speeds of 1 to 
5 parts per sec are attained on belt or other fast feeders. 
Parts reading below a given value can be rejected, or the 
instrument can reject all parts not within a set range. 

The oscillograph utilizes the principle that a metal core 
introduced into a high frequency field of a test coil will 
cause energy losses. It is fundamentally an oscillator, or 
inultivibrator. A sensitivity control governs the amount of 
regenerative feedback and allows adjustment of the initial 
energy output to any desired level. 

The test coil, which is part of the tuned circuit, is bifilar 
wound to obtain maximum mutual inductance between the 
sections of the oscillator and to provide self-shielding from 
outside interference. This coil controls the operating fre- 
quency of the oscillator. Core losses occuring in the field of 
the test coil decrease the output of the oscillator. This 
output is viewed on a cathode-ray tube screen. 

The pattern appearing on the screen can be correlated 
with the metallurgical characteristics of the test piece.. A 
reading is taken on a predetermined standard piece having 
known and desirable characteristics. Metallurgical differ- 
ences between the predetermined standard and other pieces 


inserted in the test coil will immediately indicate by a va 
tion in height of the pattern on the screen. 

The automatic sorter automatically takes the “inte 
gence” from the oscillograph screen. The signal opera 
relays which either do or do not deliver a 115 v, 60 4 
signal to external sorting gates. 
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The California Zephyr and several other leading trains throughout the 
nation are now operating with an advanced type of brake system 

It is the Budd Disc Brake . . . the first basic improvement in railroad braking 
since the invention of the air brake. How fast does it operate? Here's an example 
With disc brakes, in which RM friction materials play a vital part, an 80- 
ton car can be brought from 100 m.p.h. to full stopin less than half a mile! 

All this is done quietly and smoothly, without squeals or screeches, without 
jerks or jars. And with vast savings in maintenance costs! 

Time and again, in railroad as well as in automotive and industrial applica 
tions, R M has helped pioneer far-reaching improvements in brake and clutch 
operation. The experience thus gained, plus the facilities of the world’s largest 
producer of friction materials, is at your service when you call in your RM 
representative. 


RAYBESTOS-MANHATTAN, IN¢ 
EQUIPMENT SALES DIVISION 620 Fisher Bldg., Detroit 2, Mich. 


445 Lake Shore Drive, Chicago 11, Ill. 4651 Pacific Bivd., Los Angeles 11, Calif. 
1071 Union Commerce Bidg., Cleveland 14, Ohio 
Factories: Bridgeport, Conn. Manheim, Pa. Passaic, N.J. No. Charleston, S.C. 


Fan Belts « Radiator Hose « Mechanical Rubber Products « Rubber Covered Equipment « Packings 


R, RAYBESTOS-MANHATTAN, INC., Manufacturers of Brake Linings « Brake Blocks ¢ Clutch Facings 


Asbestos Textiles « Powdered Metal Products « Abrasive and Diamond Wheels «+ Bowling Ba 
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CONVERTER CHANGES single phase, 400 cycle 
current to 3 Diameter is 2 in., length 
3 3/32 in., weight 16 oz. 


phase. 


WITH WIRING 


Bleeder resistances are connected to ensure balanced output where load is 


SHOWN, factors from 0.6 to 1.0 are carried 


pow er 


smaller than specified. There are no brushes or commutators to be serviced 


Rotary Converter Changes Phases on 400 Cycle Current 


A rotary type phase converter has been designed to con- 
vert single phase 400 cycle to three phase 400 cycle. Bal- 
anced output, stability, long life, high efficiency and mini- 
mum size and weight are claimed. The converter is 2 in. in 
diameter, has an overall length of 3,%; in. and weighs ap- 
proximately 16 ounces 

Output voltage in this converter, as in any similar device, 
is a function of the load and power factor. However, for 
power factors ranging from 100 to 60 percent, a balanced 
three phase output can be obtained for a given load condi- 
tion. As high as 80 va with unbalance not exceeding 10 
percent can be delivered. 

In cases where the actual load is less than that necessary 


for balanced output conditions, bleeder 


resistances con 
nected in delta or wye may be used on the output side of 
the converter to reach the point of balanced output. By 
utilizing these bleeder resistances as voltage dividers 
variable and balanced voltage output can be obtained 
This unit is suited for applications where high hp 
weight and volume ratios is desired. It can be used 
gyroscope systems, rectifier units, frequency control circuit 
control systems and electronic equipment. The 
commutation and brushes keeps servicing to a minimum ar 
removes all possibilities of RF interference. 


lac k 


Eastern Air Devices, Inc., 585 Dean St., Brooklyn 17, N 
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Bronze Liner Lubricates Vibrator Cylinder 


The availability of pneumatically-operated vibrators de- 
signed for industrial applications, has been announced. 
Available from stock in eight sizes, vibrators are recom- 
mended for removing patterns from sand molds, providing 
steady flow of powdered or granular materials, feeding 
small parts, settling the “mix” in concrete block and vault 
machines, vibrating packaging tables, moving granular ma- 
terials through tubes and chutes, and fatigue testing. 

A special bronze alloy cylinder liner is claimed to assure 
positive and permanent piston lubrication. On 80 psi air 
line pressure, 2,200 to 6,000 impacts per minute, depend- 
ing upon piston diameter, are delive red. Speed of vibration 
can be regulated by line pressure. Air consumption ranges 
from 44 to 8 cubic ft per minute. In addition, pistons ends 
are uniformly hardened. Piston diameters of eight sizes 
range from 4 to 24 inches. 


SPO Inc., 6554 Grand Division Ave., Cleveland 5, Obio 
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From Our Pressed Wetal Products Plant 


In addition to CLUTCH HEADS and a complete family of cold headed fasteners 
WE SPECIALIZE IN WASHERS, SHIMS AND BLANKS from !.” in diameter to 13 
inclusive ... produced from .002” to 114” thick material 

Thus, with long experience and adequate equipment, HOLES OF NEARLY EVERY 
CONCEIVABLE SIZE AND SHAPE can be held to either commercial or very ex 
acting limits from STOCK TOOLS. 

Among services not usually offered by stamping plants is United's extended 
use of secondary operations . . . combining up-to-the-minut ‘at treating and 
machining operations with volume production facilities for grinding, tapping 
and related processing refinements. 

For important cost advantages, consider the re-design of 1 
machine, forged, cast or molded parts to the use of flat 
stampings. 

WE AIM TO CARRY THE MID-WEST’S LARGEST STOCK OF SHEET, STRIP AND PLATE IN LOW AND 
HIGH CARBON STEEL... ALSO IN ALLOYS 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 CHICAGO 8 NEW YORK 7 
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Line of Safety Switches 


Covers Range of 


Industrial Uses 


Padlocks hold switch and cover in posi- 
tion. Hot terminals are fully covered. 


Full production has been announced on a line of safety 
switches, with three types covering heavy-duty industrial 
standatd industrial, and general purpose applications. 

The heavy industrial switch capacities range up to 2,400 
amps at 250 v and 1,200 amps at 600 v, in fusible or non 
fusible models. Concealed blade types are offered in addi 
tion to the visible blade switch shown. Plunger action gives 
compactness, with the advantages of knife blade action 
Current carrying parts are copper, completely silver plated. 
Wax impregnated hemite, a mixture of asbestos and Port 
land cement is used in the arc barrier insulator of the 
switch which swings out on hinges to expose back for easy 
wiring. 

The switches are fully interlocked. The interlock can be 
neutralized with a screw driver for inspection under load. 
The interlock engages the operating handle and can be 
removed easily. If the cover is closed with the switch in the 
“on” position, the interlock automatically engages in the 
next operation. 

A complementary line of concealed blade switches is 
offered. Construction features are comparable. The entire 
base is removable; action is double break. High rupturing 
capacity is claimed. All copper parts are cadmium-plated 


CROSS BAR is steel, protected from the blades by melamine 
insulator. Spring loaded blades, visible in “off’’ position plunge 
into arc chamber through small openings. Hot line terminals 
and blade jaws are completely covered in “On’’ position. With 
the switch “Off” all exposed parts are dead and can be visually 
checked as such by visable blades. 


HEAVY DUTY INDUSTRIAL SERVICE and general purposs 
lighting duty safety switches are available. Weather proof a 
explosion proof enclosures are also used. 


POSITIVE PRESSURE FUSE CLIPS, furnished in all switches, 
reduce heating at fuse contacts. Copper contacts increase con 
ductivity and steel springs give contact pressure 


MAGNETIC PLATES (arrow) blow out arc. With switch oj 
backing off holding screws allows arc barrier to swing ba 
Insulation used in the switch and fuse base is wax impreen 
molded hemite. Pressure wire connectors are removab!c 
the front. Gutter space is free of obstructions and sharp cor 
which might injure wire insulation. 
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Mr. Parks had a tubing problem... 


OD, 


2) the ELECTRUNITE Metallurgist . . 


and in practically no time at all... 


Mr. Parks manufactures school 


desks. Very good desks, too... but, 


even so, Mr. Parks is always look- 


ing for ways to make them better. 


This is the way Mr. Parks’ problem came about... 
114” x 11 gauge tubing is bent U shape to form a 
support for both seat and table of Mr. Parks’ desks. 
Design calls for a short radius bend, and he was 
using a fully normalized tube that Rockwell “B” 
tested under 55. 


“Not stiff enough”, decided Mr. Parks. “No desk 
of mine is going to sag when a heavyweight leans 
against it! On the other hand, the tube must not 
be so hard it breaks in bending.” What to do? — 
one thing, of course, and Mr. Parks did it. He called 
in the ELECTRUNITE Tubing Metallurgist. As a 
result of this call, processing changes were made 
resulting in a stiffer tube with a higher yield point 


: 
ay 
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and a higher Rockwell reading. These tubes readily 
take the short radius bend and still give Mr. Parks’ 
desks the extra sturdiness and strength he wanted 
them to have. 


Mr. Parks isn’t his real name, of course, but his 
problem was real. When you have a tubing problem, 
why not do as Mr. Parks did? Call for a Republic 
ELECTRUNITE Tubing Metallurgist. There is no 
charge for his services and no obligation on your 
part for his help. Just let us know when you would 
like to see him—and he'll be there. 


REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION « CLEVELAND 8, OHIO 
Export Department: Chrysler Building, New York 17, New York 
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ECTRUNITE TUBING 
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Polyester Plastic Coil Block Increases Solenoid Life 


A short-stroke solenoid which tests indicate to have a 


of 5 to 10 million opc.ations, is now being marketed 
it features a cast-permafil coil assembly that is the result of 
years of research and development, according to the manu 
facturer 

The basic component is a paper layer-wound coil that 
holds the voltage between turns to a minimum and reduces 
the possibility of failure due to reduced voltage between 
Two 12 in. flame-resistant leads are firmly 
inchored and taped, and the coil is placed in a mold into 
which a liquid polyester resin is poured. Reactors are then 
idded, and in about two minutes the resin sets. Finally, 
the coil assembly is baked. This results in a solid block 
around the coil that won't crack and is moisture-, oil-, 
shock-, and vibration-proof. 

Originally designed for high-speed, pilot-valve operation, 
the solenoid is suitable for any heavy-duty industrial appli- 
cation requiring a push-type solenoid with a maximum 
stroke below ;', in. It is available in four models, in- 
cluding strokes of } in. and ,); in., and two stacking 
thicknesses 

The device has a “T” magnet, and a large dual-pole 
shader keeps operation quiet. All surfaces are precision 
machined. Other features include a heavy stainless-steel 
backstop assembly with an oil- and water-resistant neoprene 
pad fastened to it to absorb the shock of the return stroke 
The coil can be changed without difficulty. 

Comparative life tests indicate that the solenoid 
operate from 5 to 10 million times before failure. Three 
failed, 
either partially or completely, between 500,090 and 800,000 
operations 


layers of turns 


will 


other solenoids used in the tes for comp 


so 


SHORT-STROKE SOLENOID HAS a test-indicated life of 5 
10 million operations. A cast polyester resin gives a moisture-, 
oil-, shock-, and vibration-proof coil block which is the secret 
of the increased life span. 
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Rotary Switch Samples 30 Channels in Synchronism 


This multichannel sampling switch, composed of a motor 
and a switch, has been designed in a single package, weigh- 
ing 53 ounces. Overall dimensions are 5 in. long by 34 
in. wide by 3,%, in. high. 

The synchronous driving motor is rated at 1,800 rpm, 
115 v, single phase, 60 cycle a-c. Since the switch is driven 
directly by the motor shaft at a rate of 30 revolutions per 
second, sampling of all 30 “break-before-make” channels 
is in synchronism with the a-c line viltage. This synchro- 
nous switching is suited for the display of the sampled in- 
formation on a CRO. The 30 active contact pins are con- 
nected to terminal lugs to facilitate wiring by the user. A 
similar unit is available with all 60 contacts made accessible. 
With its shorting type wiper, this device features versatility 
in possible switching arrangements. 

The 30 contact switch connects each of the 30 terminals 
singly, and in order, to a single sampling contact at the 
center. The 60 contact switch has no center terminal and 
each terminal has a mate. Mated terminals are connected 
in succession. 


Applied Science Ce of Princeton, 
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Have you a similar use for this 


l-piece fastener? 


It’s a Blind Rivet 


...Or a removable fastener. It locks and unlocks 
with a 90° clockwise rotation. No mating parts 


such as nuts or receptacles are required, 


it’s a Shelf Support 


...For ranges or refrigerators—in plastic and metal. 
Leading appliance makers have achieved 


substantial installation savings through its use. 


Both in meta 


It’s a Cabinet Door Strike 


.. Simple to install; eliminates welding and 
cuts assembly cost. Any head can be designed with- 


out affecting fastening principle 


It’s a Lifter Knob or Dashboard Plug 


... Plastic Spring-Loc k heads are molded around steel 


inserts, giving strength at point of load or impact. 
Any shape head can be molded in any color. 


What's Your Application? 


e 

' 

..-Tell us how you can use Spring-Lock | [ 1O Nn S 
! Fasteners in your products. We'll be F t 

! asreners 


QUICK-LOCK... SPRING-LOCK... ROTO-LOCK 


glad to work out the details with you. 
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SIMMONS FASTENER CORPORATION 


751 NORTH BROADWAY, ALBANY 1,N. Y. Send for more data and Free Samples i day. 
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SIMPLE CIRCUIT BREAKER UNITS are designed with side plates, two springs, two assembled parts, and a handle. Units 
lock in enclosure without screws. Double pole unit shown in box at right throws two breakers simultaneously, manually or 


> 


by internal bar link. Nine enclosures are standard with up to 20 circuits, carrying 30 to 100 amps, 2 and 3 wire. 


Mass produced circuit breaker units give a wide variety of 
combinations with only nine enclosures. 


are passed, but the 


Standard units overloads 


circuit is broken on shorts or dangerous 


snap into place without screws, and there is only one These are 
terminal to connect. An insulated neutral is carried in each 
enclosure. 

Breakers work on combination thermal-magnetic trip a 
tion. In the magnetic action, an electro-magnet breaks the 
circuit when current rating is greatly exceeded. The thermal ¢ 
action uses a bimetal which flexes and trips the breaker to replace a wide range of the manufacturer's controls now 
when a predetermined current-time rating is exceeded. 1m use. 
Harmless momentary current surges—as in motor starts Feder 


Double pole circuit breakers are also offered 
tied together, not only by a single handle, but also by ar 
internal link bar. One circuit cannot be broken without 
breaking the other. 

Enclosures for up to 20 circuits, carrying from 30 
100 amps, 2 and 3 wire, are available. These are designed 


al Ele Product , 50 Parts St., Newark 
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Air Cylinder Gives Long Stroke With High Power 


An air cylinder has been designed 
and developed to meet demand for a 
positioning device with a long stroke 
and high power. Applications in 
damper positioning on diesel engines, 
controlling rheostats by means of a 
rack and pinion, and damper position- 
ing on pneumatic temperature and 
pressure control systems are expected. 

The cylinder operates with a supply 
air pressure of 80 psi. Supply air pres- 
sures as great as 150 psi may be used 
but cylinder rating is not increased. 
However, the use of an external spring, 
together with higher air pressures, up 
to 150 psi, increases the clinching 
force in the end positions. 

Control air pressure force acting on 


the diaphragm is opposed by the force 
of the spring, determined by the posi- 
tion of the motor piston rod. When 
these two forces are not in balance, 
high pressure air is either admitted to, 
or exhausted from the piston cylinder 
through the feed and exhaust valves. 

The motor piston is spring loaded 
and assumes a position determined by 
the forces exerted by the air input on 
the one side and the spring on the 
other. As the piston moves, a positive 
positioning linkage attached to the 
piston rod either compresses or ex- 
tends the spring tending to rebalance 
the diaphragm. When the diaphragm 
is balanced, air pressure to the cylinder 
is shut off and the piston is stopped 


Circle No. 18 on Reader Service Card 


Holding force is 68 lb at either end 
position, 230 lb at mid-position of pi 
ton. Starting force is 370 lb at either 
end, 230 at mid-position. Linear stro} 
is 4} in. non-adjustable. Control a 
tion utilizes control air input and hig 
pressure supply air to provide po 
tioning output air for the cylinder 

The starting point of the cylinder is 
adjusted by a screwdriver for from 3 
to 13 psi control pressure. The range 
through which control air varies for a 
full piston stroke is adjustable from 
5 to 19 psi. Normal control air range 
is 0 to 15 psi, maximum is 30 psi. 


Brown Instruments D 
tpolis-Honeywell Regulator ¢ 
Philadelphia 44, I 
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OUTPUT SHAFT POSITION depends on control pressure. 
Change of 0.10 psi gives maximum actuating torque. Shut-off 
and by-pass valves and hand lever allow manual operation. 


Cylinder is double acting, rotating output shaft through a lever. 
Position locks, signals and standard linkage are offered. 














LINE PRESSURE FEEDS to cylinder through pilot valve. Con 
trol pressure and the positioning spring oppose each other to 
move valve. Each control pressure has equivalent shaft position 
Position of shaft can vary as first power, square or square root 
of control pressure, depending on shape of positioning cam 


Pneumatic Relay Controls Ait-Operated Positioner 


Tiny control pressure gives high torque. Final output shaft position is function 
of control pressure, following first power, square or Square root of pressure. 


This air-operated drive applies line pressure to change 
the position of a shaft on a small change in control pressure. 
Essentially it works like an electric relay, changing a large 
yutput by means of a small control circuit. It consists of 
a double acting cylinder with rigid supporting stand and 
enclosure, a positioning relay, and a manual operating 
wheel or lever. Shaft rotation is 90 deg. 

The positioning relay incorporates a cam whose shape 
determines the relation of drive shaft position to control 
loading pressure. Three cams are provided to give output 
positions proportional to the control pressure directly, to 
ts square, or its square root. Modifications are possible. 


The shaft can be locked in an extreme position by an 
adjustable stop, released by a manual air push button. 
Signal lights can also be arranged. Direction of drive 
travel can be reversed or drive can be adjusted to remain 
stationary for any change in control pressure up to 15 
psi, or can be set for full travel at the same pressure. One- 
half travel for control pressures of 5 to 25 psi can be had 
with simple adjustments. Integral switches can be fur- 
nished to make contact at pre-selected drive positions. 

An assortment of standard connecting linkage may be 
dered directly, to avoid the necessity of detailed drive 
layouts. Position signals are also extra equipment. 


Contro/ 


RELAY SUPPLIES NO AIR PRESSURE to cylinder with pilot 
valve in neutral. Valve stem moves with balance beam, con- 
trolled by resultant of bellows and positioning spring forces 


Bailey Meter ¢ 1050 Iva e Rd. ( 
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AT LEFT is 24-hour-wind midget drive. The 8-day-wind drive is 
shown in the center with gearhead or “turret” mounted to give 
rotational speed other than 24 hour basic. Detached turret is 
shown at right. Enclosed escapement is behind gear case. 


EXPLODED VIEW of 8-day-wind mechanical instrument drive 
shows turret. Both mechanisms measure 2 21/32 from mounting 
ring (in back) to shaft tip. Outside diameter is approximate) 
34 in. in each case. Direction of shaft rotation is optional. 


Instrument Drives Give Choice of Rotating Speeds 


Two mechanical instrument drives for meters, and other 
apparatus are characterized by escapement mechanisms 
which can be detached for service or replacement. Overall 
diameters are 3} in. and 3,4 in. respectively; both 
models require 134 in. between the plane of the driven 
chart (the rotation of circular dials and recorder charts 
being the most common use for such mechanisms) and the 
mounting ring. 

The larger model has an 8-aay wind and a basic 24-hour 
rotation. Gear heads snap on the main arbor to convert 
to 2 hour, 3 hour, 4 hour, 6 hour, 8 hour, 12 hour, 48 hour, 
3 day, 7 day and 8 day rotation. The smaller model has a 24 
hour wind with a torque which drops from 8.6 to 4.7 
in-lb between full-wind and 24 hour rundown. 

Capacity is provided to give 1.8 in-lb of tor™ 
hour rundown. Both models wind through th 

The detachable escapement is sealed in clear 


This subassembly twists and snaps into place without tools 
controlling main spring action through a simple connecting 
square. Escapements may be bought separately to contro 
other devices. The standard mechanism permits one turn 
of the connecting square per hour, while rates of 2 min 
and 4 min are available on special order. 

Both models mount by snap .action on a circular plate 
of 34 in. dia, which in turn may be mounted on bosses it 
the instrument case. Main arbors fit standard chart hubs 
and are directly tied to the mainspring. Drive cases are 
die-cast aluminum and sealed; escapement cases are stain 
less steel and clear plastic. Gears are mounted in phosphor 
bronze bearings. Direction of rotation is optional, counte: 
clockwise being furnished unless otherwise specified. Dri 

self-starting and can be permanently mounted. 

Pittsburgh Equitable Meter D 
Rockwell Mfg. Co., Pitt 8, I 


Dur2t 
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CAPACITORS are designed for 900 


stock; rosette and double element also 


sick Co., Bridgeport 2, Connecticut 


to 1,000 watt photo-flash' lamps, rated 
at 500 v, to give 100 watt*sec energies. 
Capacity is 200 mfd. Cornell-Dubilier 
Electric Corp., South Plainfield, N. J. 
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SOLENOID PNEUMATIC VALVES 
are offered 3 and 4 way for 200 to 
1,500 psi at 18 to 28 v, 1 amp con- 
tinuous. Tube sizes 4, § and 4 in. 
Rhodes Lewis Co., 3652 Eastham Dr., 
Culver City, Calif. 

Circle No. 22 en Reader Service Card 


STRAIN GAGES are self-compensat- 
ing for temperature. Single element is 


offered. Baldwin Locomotive Wks., 
Testing Equipment Dept, Eddystone, 
Pa. 
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DELAY LINES are built to specifica- 
tion. Typical unit has 8 pie-section 
filters, time rise 0.04 microseconds, 
total delay 0.3 microseconds. Shall- 
cross Mfg Co., Collingdale, Pa. 
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POWDER METAL WHEELS are 
offered for castor service, from 1} to 
24 in. diameters They are self-lubricat- 
ing, more ductile and lighter. The Bas- 
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RUBBER PIPE, wire reinforced with 
steel flange backings, cuts noise and 
vibration. Pressures to 250 psi, tem 
peratures to 150 F taken in 2 to 12 in 
pipe sizes. Finn Co., 2850 Ei tht! 
Ave., New York 30, N. Y. 
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STAINLESS STEEL BELLOWS ar 

available in complete size range for 

treme temperature and corrosion 

ice. Chicago Metal Hose Co., Maj 

wood, IIl. 
Circle No. 27 
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Leading factors in this large field of precision production have re- 
garded us, for many years, as a prime source of aluminum components, 
manufactured to strict Radio Manufacturers Association standards. 
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Whatever your product may be, if it requires 
aluminum parts, our diversified skills and facili- 
ties can produce them. Alloys and thicknesses? 


modern rolling mill. Finishes? Satin, color, 


anodic, polished or chemically brightened, Engi- 


neering? Design? Our staffs are at your service. 


What are your needs? We custom roll sheet 


Your inquiry will focus our full attention on 
metal to your parts specifications, in our own 


your needs... at once. 

















COIL SHIELDS 
(R.M.A. Standards) 








SPECIAL COIL SHIELDS 
AND CONDENSER CANS TUBE 


SHIELDS . 
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ALSO MAKERS OF 


MIRRO 


The Finest Aluminum 
Cooking Utensils 
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High Starting Torque Features Single Phase Motor 


For use where a constant-speed high-torque single-phase 
1otor is required in large ratings, a new repulsion-induc 
tion motor is now available. An addition to the manu- 
facturer’s standard line, the new motor combines the high 
starting torque of the repulsion motor with the constant 

speed characteristics of the induction motor. 

The motor is available in 5-, 74-, and 10-hp ratings, all 
1,800 rpm, The 5-hp unit operates on 115/230 v, while the 
other two use 230 volts. Typical applications include air 
and refrigeration compressors, pumps, stokers, floor sur- 
tacers, and farm uses such as barn hay curing, wood sawing, 
silo filling, cold storage and feed grinding. 

High starting torque and low starting current are fea 
tured, together with positive operation on low voltages for 
evere starting duty. 

The motor is of the open (drip-proof) type, and hy 
been designed with features that contribute to long life 
and aid in installation and maintenance. Standard construc 
tion affords protection against physical damage, electrical 
breakdown, and operating wear and tear. The cast-iron 
frame has a damping effect on noise and vibration, and 
covers are easily removed to facilitate inspection and main- 
tenance of brushes. 

To assure good alignment between stator and rotor, the 
ball bearings are mounted directly in the end shields of the 
new motor. Improved brush holders give good brush sta- 
bility, and brushes and rigging are easily serviced. Efficient 
cooling is provided by a large cast-aluminum fan. 


SINGLE PHASE REPULSION-START, INDUCTION MOTOR 
has been added to the manufacturer's standard motor line. A 
cast iron frame and protective ventilation screens enclose th 
drip-proof model. Ratings of 5, 7$ and 10 hp at 1,800 rpm ace 
available. Repulsion poles give high starting torque. 


Ge I ( S 
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Compact Machine Tests in Three Ranges 


A simplified table-model universal testing machine fos 
tension, compression, shear, and transverse tests is available 
in two capacities: 30,000 Ib and 15,000 lb. The 30,000 Ib 
capacity model has additional ranges of 6,000 Ib and 600 Ib; 
the 15,000 lb capacity model may be used for 3,000 Ib or 
300 Ib testing. 

Loading is mechanical with crosshead speeds infinitely 
variable from 0.005 to 6 in. per minute. The weighing 
system consists of knife-edge pivot levers connected to 
calibrated steel elastic beams. The machine is claimed to be 
— rugged and permanent. ASTM accuracy is guaran- 
teed. Working space between columns is 20 in., with a 14 
in. crosshead stroke. 

The unit is compact: 42 in. high, 64 in. wide and 18 in. 
deep, and weighs 1,200 Ib. It is furnished with gear-oper- 
ated wedge grips. Fixtures for making compression, flexure 
and shear tests and holders for threaded specimens are avail- 
ible as extras. 

A cabinet base can be supplied instead of table mounting. 
if desired. Infinitely variable testing speeds are available. 
The load scale is linear, minimizing errors in reading and 
speeding-up operation. A recorder assembly is also 
furnished, as an extra, to give a permanent record of results. 
The weighing system is a combination actuating mechanism 


with lever and calibrated weight bars. An extra fi 
attaches to support columns for transverse testing. The tw 
models available are each adjustable for three caj 
ranges. Good accuracy is claimed. Working columns 
operating lever are shown in the illustration. 


Testing Machine Div. of National Forge & Ordnance Co., Irt 
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COUPLING 
PROBLEM 


qi? 


LOW SPEED ? 


gwar ? 


HEAVY DUTY ? 
REVERSING 7 


HIGH SPEED ? 


Here’s how KOPPERS Engineers 


These FAST'S COUPLING —— 


saue You money: 


UNSURPASSED ENGINEERING « M4 
Koppers’ engineers are acknow! lr 
rie the industry. Their practica “ 
re he backed with 30 yous coupling 
x erience, is at your service: | 
IMMEDIATE DELIVERY --- arg 
rd types and sizes are aval » 
i diate delivery from on —, 

cede In case of emergency, jus 
pau for special rush delivery® 


LOWEST COST PER YEAR .. + Fasts 


vipment they con- 

ed. Their cost may 
more, 

t over 25 years OF 

; ling cost per year! 


Couplings will outlast eq 
nect if properly maintain 
be spread ov 
offering you lowest coup 


KOPPERS 


THE ORIGINAL 
GEAR-TYPE 


od 
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Eliminate Guesswork 
when you buy couplings! 


No matter what size couplings you need—whatever. the 
service—see Koppers first! Because only Koppers offers 
you Fast’s Couplings, proved the best insurance for 
coupling problems you can buy! For 30 years, Fast’s 
have been industry's standard for low-cost, trouble-free 
coupling operation. 


When you specify Fast’s you get the benefit of Koppers 
Engineering service, acknowledged finest available. 
Koppers engineers, backed with 30 years of Fast's Coup- 
ling experience, study your problem. Then show you 
which Fast’s Coupling you need (and more important) 
why you need it! 


Take advantage of Koppers long-term coupling 
experience. Buy Fast’s Couplings and get Koppers 
valuable Engineering Service—a service you cannot buy, 
but which Koppers offers without obligation. The 
Fast’s Catalog contains full details. Mail coupon for 
your copy today! 


SEND FOR FREE CATALOG 


KOPPERS CO., INC., Fast’s Coupling Dept 
239 Scott St., Baltimore 3, Md 
Please send me a copy of Fast’'s Catalog relative « 


Name 
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Timer Opens Circuit After Pre-Set Interval 


Contact 
terminals 


THE TIMER is completely enclosed and mounts in a 3 3/16 
diameter hole. An indicating pointer shows the time remaining 
before the end of the timing period. The dial and pointers are 
enclosed by an oil-tight die cast cover with a plastic window. 


Three basic models, each available with time scales from 
30 sec to 10 hours, provide timers with unusual versatility. 
Typical applications are dielectric heating equipment, mold- 
ing presses, photographic printing, chemical processes and 
similar operations. Load contacts are rated at 10 amps. 

One model has two auxiliary contacts mounted on the 
clutch solenoid. One contact can be used as a holding 
circuit for applications where the timer is to be started by 
a momentary contact start switch. The other contact, when 
used with the snap action switch, provides four possible 





Snap actian Micrometer adjusting 
switch. _ screw for accurote 
tripping point 





- Pripping arm 

” Time 
pointer Time set 
\ ‘ / pointer 











Auxiliary 
contacts — ~ 





4 \ 
Synchronous Contact block with 
motor terminals 6,7,8, L-/ 





~-Toothed clutch 








THE LOAD CONTACTS are tripped at the end of the timing 
interval by a synchronous motor which actuates a tripping arn 
through a solenoid operated clutch. A spring resets the timer 
to starting position when the solenoid disengages the clutch 


relays in many circuits. Another model is available without 
auxiliary contacts. A third model has the clutch actior 
reversed, to reset when the clutch coil is energized. Th 
model is used where a momentary power interruption 
should not reset the timer or where opening a pilot switc! 
is to start the timer. 

Construction features include a slow speed synchronous 
timing motor and a toothed clutch to eliminate clutc 
slippage. Dependable operation is further insured by th 
use of stainless steel shafts and brass cut gears. 


load circuit combinations. This may eliminate control 
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Eagle Signal Corp., Moline 





Electronic Timer Has Only One Moving Part 


A compact electronic timer which 
provides automatic control of opera- 
tion, limit, and sequence timing for 
industrial processes is now on the mar- 
ket. It is available in three time ranges: 
0.06 to 1.2 sec, 6 to 12 sec, and 6 to 
120 sec. 

Typical applications are: (1) opera- 
tion timing to control duration of such 
processes as paint spraying, car wash- 
ing, photoprinting, electroplating, and 
heat treating; (2) limit timing to stop 
conveyor belts if material piles up; and 
(3) sequency timing with two or more 
timers in combination to control dura- 
tion of operations on bearing-grinding 
machines, rod-coiling machines, com- 
mercial potato-peeling machines, cen- 


trifuges and illuminated signs. 

A detachable back plate mounts di- 
rectly on a rigid conduit or any flat 
surface; wires are brought to the back 
plate and pulled through, and the 
timer is then mounted on the plate by 
means of four screws. Wiring to the 
terminal boards completes the installa- 
tion. Space between the terminal board 
and the cover provides room for all 
front-connected wiring, including that 
for the accessories. In addition, a dual 
set of contacts on the timer permits 
control of two operations on the same 
time schedule. 

The relay armature is the only mov- 
ing part, keeping mechanical wear low. 
The electronic tube is a _ standard 


Circle No. 31 on Reader Service Card 


model. The timer operates on 115 
130 v, 50-60 cycle current. The en 
tire unit measures 8} in. high, by 5! 
in. wide, 4 in. deep. 

Tests indicate that the new timer 
can perform a million or more oper: 
tions at these controlled load require 
ments: inrush, 15 amps; carry, | 
amps, and break, 5 amps. As the cor 
trolled load demand is reduced, mor 
operations are expected. Construct 
consists of one tube, a timing po 
tiometer calibrated in seconcs or 
locking type knob, a linear timing 
scale, an accessible wire terminal bo.rd 
and a relay with 2 SPDT form 
contacts. 

General Electric Co., Schenectady 5, N 


CONTINUED ON PAGI 
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What 7777/77 have that offer $0! 
many more a A engineering and production | 
advantages than can be obtained with any other 
material, is illustrated and described in this 


’ wear, ete 


AAW | 





on forgings. 


WO 
WOK 


A arerence Boe WINS |B . 


Write for a copy. Then consult a forging engineer about 


how you can obtain the correct combination of mechanical — 





qualities in forgings for your particular type of equipment. 


] DROP FORGING ASSOCIATION + 605 Hanna Building + Cleveland 15, Ohio 


— 


Please send 60-page booklet entitied | ‘Metal Quolity—How Hot Working Improves 
Properties of Metals”, 1949 edition. 
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Cast Iron Frames Protect Outdoor Motors 


A full line of cast iron frame totally enclosed fan-cooled 
motors is available in ratings from 5 to 250 hp in both 
standard and explosion-proof designs. These motors are 
suitable for applications in chemical plants, oil fields, petro- 
leum refineries and similar plants where corrosion is a prob- 
lem, either because of the nature of the materials processed 
or because the motors must be installed outdoors. 

The inner frame, outer frame and feet are cast in one 
piece. End plates are also cast iron, ribbed for strength. 
Cap screws secure them in the correct position, as deter- 
mined by matched machined surfaces on frame and end 
plates. A removable blower shield with integral air intake 
protects the external blower. A cast iron shield on the drive 
end deflects the emerging air stream around the bearing. 
Blowers are malleable iron on standard motors and non- 
sparking bronze on the explosion-proof models. On all 
except the largest ratings, blowers are designed to permit 
rotation in either direction. 

The diagonally split conduit box bolts to a nipple which 
is brazed to the stator frame. Corrosion-resistant cap screws 
and gasket assemble with the box. Leads are brought out 
through the nipple which is filled with a flexible sealing 
compound. Stator laminations are isolated from the air 
stream by the cast iron case. 

After the windings are in place, the stator is baked to 
remove moisture, and while still hot, immersed in a heavy 
insulating varnish. Complete impregnation of the wind- 
ings results from the suction created by dipping the hot 


BEARINGS ARE PRELUBRICATED and can be re-lubricated 
when necessary. Pressure cast aluminum rotor is dynamical! 
balanced. Corrosion resistant motors from 5 to 250 hp are avail 
able totally enclosed or explosion proof. 


rotor into cooler varnish. The coat is baked dry and ¢! 

process is repeated. A final coat of special acid- and alak! 

resistant material gives a tough, oil-proof coating. 
Wagner Electric Corp., 6400 Plymouth Ave., St. Louis 14 
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Single-Acting Square Air Cylinders 


Mount Closer Together 


Square body design is now being used in air cylinders, 
= to save space in air clamp installations. Three 

re sizes, 14, 2 and 3 in., are available, single acting, 
spring return. 

The square actuating cylinders can be mounted closer 
together than round units. Bodies and caps are aluminum 
extruded stock. The cap may be mounted to face the inlet 
port in the direction most convenient for piping connec- 
tions. A long piston guide bushing and close piston and 
bushing tolerances are among manufacturer's claims. Piston 
seal is a standard “O” ring. 

The plain end-cap bom for horizontal mounting is 
shown at right in the illustration. The end cap also serves 
as a mounting flange on the second model. The forward 
faces of both cylinders are tapped for front attachment. 


< 


/Vudeima ¢ 


Moderna 
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HIGH-Q COILS for sub-audio free VALVE SEAT INSERT is claimed CRASH SWITCH cuts off airp! 
quencies have stable characteristics for free of checking and burning at high _ electrical equipment by inertia on > G 
0.1 to 10 cycles. United Transformer temperature. Dissipates heat and does deceleration. Reset button proviced 
Co., 150 Varick St., New York 13, not loosen. Martin Wells, 5886 Comp- Simmonds Aerocessories, Inc., Ta 


New York. 
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ton Ave., Los Angeles 1, Calif. 
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town, N. Y. 
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To produce a Superior Food Cutter 
at a Marketable Price 


were selected 


The Model “K” French Fry Cutter, manufactured 
by the H. G. W. Young Company of Philadelphia, 
affords all the advantages of light weight, easy 
cleaning, non-toxicity. It is rustproof, corrosion- 
proof. Here's why Permite Permanent Mold 
Aluminum Castings (shown below) were used for 
10 important parts, as told by the Manufacturer. 
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HIS LETTER SAYS: 


". . aluminum was selected... 
because of the non-toxicity 
Byowt Pa and lightweight characteris- 
= Le —e — , tics of this metal. However, 
more important than this is 
the non-corrosive nature of 
aluminum. . none of the parts 
will rust or corrode. . ." 


"In addition . . we were for- 
tunate to find that with alun- 
inum permanent mold castings, 
due to the small amount of 
machining time required, we 
were able to put the unit out 
at a price which is market- 
able.* 


One of the easiest of all metals to work, non-corrosive, non- 
toxic, lightweight —Permite Aluminum Castings, with a 
precision tolerance as close as +.010”, could easily be the 
answer YOU are looking for. Write us about your parts 
problem, or send drawings for recommendations and estimate. 


) E R M | T s 80-page manual on the design, production and uses of aluminum castings sent on request. 
ALUMINUM PERMANENT MOLD, SAND ond 
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Our new molding technique perm 
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3. Small runs are possibl 
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Precision Gears Made to Your 


Exacting Specifications 


When Sewall craftsmen go to work on 
your specifications, you are employing 
the extensive facilities of an experi- 
enced organization. Our engineers can 
give you valuable assistance in estab- 
lishing the one best design—then in 
turning out uniform production runs. 
Illustrated are examples of a Sewall 
bevel gear and pinion . . . worm and 
worm gear... helical gear and pinion 
..- Zerol bevel gear and pinion. Send 
blueprints or samples for prompt esti- 
mates on any quantity. 


STOCK SPROCKET CATALOG ON REQUEST 


PACKS + SPROCKETS + SPUR + SPIRAL - 
BEVEL + ZEROL BEVEL - WORM GEARS 


696 Glendale St. St. Paul 4, Minnesota. 





New Parts and Materials conti 


Cable Connectors Snap 
Into Casting Holes 


A new series of § In. connectors 


tach armored electrical cable to 2 


cored holes in castings. The die cast 
aluminum fittings are used with 3 
to 7/32 in. wall thicknesses. 

Two claws engaging the inside edge 
of the hole are spread by a cam 
wedge action when the machine screws 
are tightened. This locks the cable t 
the casting. Only a screw driver and a 
% in. cored hole are needed for in 
stallation. There are no threads, wash 
ers, wrenches or locknuts. One con 
nector fits all applicable wall thickness 


LDING CORP- 


Unimatic Cor 
52 E. Center St., Nutley, N 
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Program Recorder- 
Controller Eliminates 
Cam Cutting 


This instrument is designed to give 
repetition of a predetermined control 
program with relation to temperaturc 
or pressure. There are no cams to be 
cut. Standard cams are set to the con 
ditions required and can be changed 
when necessary. It is possible t 
change the rate rise, the length of 
hold, and the holding temperature or 
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are proving their 
value in these widely 
diversified industries 


Whatever your product .... 
battleships or baby buggies.... 
toys or television equipment 
.... it's just possible that Van 
Huffel rolled shapes or tubing 
can simplify production and 
lower costs. 


You will find, too, that Van 
Huffel’s ‘‘under one roof’’ pro- 
cedure—designing and 
building forming dies plus cold 
forming shapes and tubing in 
continuous lengths—is worth 
your consideration. 


Illustrated brochure gives you 
the whole story. Write for it today. 


Van Huffel forms to your 
specifications: Welded, 
Lock Seam, Open Seam 
and Butted Tubing; 
Shapes and mouldings 
in any metal in thick- 
nesses up to 5/16”. 


re NAN HUFFEL ; 
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That’s why CARCO Hydradozers 


LAPLANT-CHOATE HYDRAULIC UNITS 


are designed with 


LAPLANT-CHOATE Hydraulic Units put muscle into the equip- 
ment that has to slug it out with hard digging and heavy loads — 
they supply the speed and flexibility that keeps the job moving 
economically and profitably. That’s why so many manufacturers 
like Carco use LPC Hydraulic Components — jacks and the all- 
in-one fluid power control — to provide maximum power, oper- 
ating smoothness and precision, instant response to controls. 


DESIGN YOUR PRODUCT FOR BETTER PERFORMANCE 


Full hydraulic operation of your product will give you sales ad- 
vantages that keep you well ahead of competition— when you specify 
LaPlant-Choate Hydraulic Units. Proved by more than 25 years 
use as standard equipment on LPC earthmoving equipment, LPC 
Hydraulic Units assure you of top flight efficiency and economy. 


POWER 
SPEED 
FLEXIBILITY 


The Famous Single-Unit LPC 
Fluid Power Control 


Pump, valve and oil reservoir are all com- 
bined into a single compact unit. This new 
“closed system” design completely eliminates 
long suction lines, reduces the hazard of 
leaks and assures greatly increased speed 
and efficiency. In addition, the entire unit is 
skillfully engineered and precision built for 
utmost simplicity, easy servicing, and long, 
trouble-free operation. 

Ask for Bulletin B-1152B. LaPlant-Choate 
Manufacturing Co., Inc., Cedar Rapids, lowa. 


LAPLANT Gg CHOATE 
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Parts and Materials continued 
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set after cycle completion, to stop 
cam at any critical point, or to 
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Selenium Rectifier 
For Low Currents 


A low current selenium rectifier 
with a special plate for use on d- 
} ’ 

nicro-amp currents has been devel 


ped to provide an efficient rectifie 

very low current requirements. it is 
rated up to 6,000 v peaks inverse and 
is connected in series for higher volt 
iges. Current rating is 200 amps. The 


} 


rectifier is } in. diameter by 3 in. long 
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Throttle Controls 
Automatic Clutch 


irer’s 3.0-4.5 and 5.2 hp air cooled 


Designed for use on the manufa 


ngines, this variable transmission op 
erates through an automatic clutch 
vhich is controlled by the throttle to 
ive speed ratios ranging from 3.1 to 
95:1. A clutch is mounted on the 
ngine drive shaft and connects to the 
riven member by V-belt. This driven 
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SPECIFY PARKER 


TRIPLE-LOK 


THE J.1.C. 


TUBE FITTING 


” 


*e 37° flare angle 
@ Dryseal pipe threads 


@ has_actually passed 
rigid AN-F-47 per- 
formance test as 
required by J.1.C. 
standards. Certified 
laboratory test re- 
port available. 


MADE BY THE WORLD’S LARGEST 
MANUFACTURER OF LEAKPROOF TUBE FITTINGS 


@ precision-made to be leakproof under even the severest 
operating conditions. 


@ holds leakproof beyond tube bursting pressures 

@ 3-piece design —remains leakproof after repeated reassembly. 
bd accommodates full range of standard tube wall thicknessds. 
@ made in steel, stainless steel, also aluminum alloy. 


@ shape bodies machined from forgings, other 
parts from bar stock. 


@ stocked by distributors across the nation. 
@ write for Parker “Industry Standard” Tube Fittings Catalog 203. 


THE PARKER APPLIANCE COMPANY 
17325 EUCLID AVENUE, CLEVELAND 12, OHIO 
5827 W. CENTURY BLVD., LOS ANGELES 43, CAL. 


The PARKER Appliance Company 
Cleveland 12, Ohio 


Please send my free copy of Tube Fittings 
Catalog 203 


Nome — 





Company 
TUBE FITTINGS 


VALVES: O-RINGS Address 
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POWERMATIC 
THICKNESS 
PLANER 


is a heavy duty sur- 4 
facer used in wood- ‘ 
working for produc- ¥ 
tion planing and to ~*~ t 


produce a precision 
finish required by 
cabinet and pattern 
shops. Manufactured by 
Powermatic Machine Co., 
McMinnville, Tenn. 


| » Solves limited space problem 
within bearing housing! 


2 Eliminates hardening necks of 
: idler and pressure rollers. 


former periodic 


3, Eliminates © aah 


bearing replacem 


roller re 
eet years using Orange 


Roller Bushings and still no 
replacements. 
4, Obtains smooth-running, = 
cision bearings which op’ 


under varying pressures = 
little or me wear, ¥ 


abusive conditions. 


OU can depend on Orange 

Roller Bushings for trouble- 
free, anti-friction protection of 
rotating or oscillating parts— 
large or small—under heavy 
loads or high speeds—in every 
kind of product from precision 
machine tools to heaviest 
equipment. 
Orange Roller Bushings 
have high load carrying 


(7~ 


fons 








capacity in small diameters— 
run smoothly, quietly—provide 
long service life. Closer internal 
running clearances minimize pos- 
sibility of mis-alignment of rol- 
lers. All raceways are through- 
ground. 

Full range of stock sizes, 
from 14” to 8” shaft diam- 
eters. Write for Engineer- 
ing Data Book. 


New Parts and Materials conti 
member is mounted on a jackshaf 
on a sliding gear transmission to 

an additional low speed of 2.25:1 

reverse. Belt tension is controlled 
the action of springs on a cam sur! 
in the driven member. The power u 
are designed for materials hand! 
equipment and vehicles requiring s 
plicity and smooth operation. 


Cushman Motor Works, Inc., Line 
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Smaller Tire Lightens Load 


A 4.00 by 18 pneumatic tire 
wheel has been designed 10 lb lighter 
than the 6.00 x 16 tire model. A drop 
center rim holds the tire. The disk is 
formed by two plates which are bulged 
for strength and lock to the seamless 
steel hub. Either tapered or straight 
roller bearings are used in the 4} 
long hub. With a diameter of 27 in 
(about equal to that of 6.00 x 
automotive) these tires 
for good cushioning. 

Spindle sizes are 1.190, 14, 1,5, and 
1 in. on tapered and 1} on straight 
roller bearings. 2 and 4 ply tires take 
rated loads of 1,000 and 1,575 lb at 
5 mph and 835 and 1,310 Ib at 
mph respectively. 


are designed 





Geneva 


1013 Railroad St., Geneva, O 


Circle No. 41 on Reader Service Card 


One Revolution Per Week 
Motor Stands 1} in. High 


An extra-slow-speed timing moto: 
is available in standard speeds of 
8, 12 hours, 1 day and 1 week 
revolution. On quantity orders non 
standard speeds are offered in 
ranges of 5, 9, 10, 15, 16, 30, 32 and 
36 hours, and 2, 4, 10 and 30 days 
per revolution. 

The new series of timing mot 
has been developed to provide a low 
cost, compact unit capable of operating 
at very low speeds. The manufacturer 
has attempted to meet the objecti: 
of excessive bulk and comparative! 
high cost raised to previous slow spe 
timers. Lubrication has been simp!i 
fied and the number of component 
has been reduced in an effort to low 
manufacturing costs. Overall dep’! 
of the unit has been reduced to 1 
through refinements in gear cup a 
gear train design. The motors 
interchangeable with faster speed n 
tors in mounting and other dim 
sions. Typical applications are in d 
night thermostats, daily progr 
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s and refrigerator defrosting 
inisms 
n Mfe. C Inc., Torrington, Conn. 
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Terminal Clamps Wires 


A new terminal block connector 
nps two wires under a single screw 
re are no lugs, wire loops or wire 
reparation. The body of the terminal 
lock is molded in solid form from 





general purpose thermo-setting mate 2. 
ial. Screws, nesting in a blind hole, 
ynnot short to ground. Blocks with 
from 1 to 22 terminals are available 
4 maximum wire size of AWG 18 
tranded or 16 solid is handled. 


Curtis Development & Mfg. C 


3266 N. 33rd St., Milwaukee 16, Wi 
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Tiny Tube Capacitors 





A miniature capacitor has been de 
signed for severe service. The size re 
luction is attained primarily by 
ietallized-paper section which is im 
pregnated and placed in a non-mag 
netic hermetically-sealed metal case 
with vitrified ceramic terminal seals. 
Operating range is —55 C to +50 C 
with temperatures to 95 C possible 
with voltage derating. Power factor is 
less than 1 percent at a frequency of 
1000 cps and ambient temperature of 
i. fw 

Claimed to be the world’s smallest r 
standard capacitors, the new units are LUFKIN FOUNDRY & MACHINE CO., 
wailable in 200, 400 and 600 v d-c, 
000 to 2.0 mfd capacitances. Di- 
mensions range from 0.175 in. dia by 
7/16 in. long, up to 0.670 in. by 

32 in. long. Optional plastic in- 
sulating sleeves add 0.062 in. to the 
liameter and yy in. to length. 


Aerovox Corp., New Bedford, Mass. 


















Please send copy of your Catalog G-1 
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Bowling Post made of Royalite for Brunswick-Balke-Collender Co., Inc. 


FUNCTIONAL, 
DECORATIVE 
THERMOPLASTIC 


There is literally no end to the uses of U.S. Royalite, the thermo- 
plastic that dozens of manufacturers use for a wide variety of 
products. 

This remarkable material opens up new design possibilities— 
either in designing new products, or improving your present 


product. 


is RIGHT - : CHECK ROYALITE’S ADVANTAGES: 


~ IT 1s IT CAN BE IT 1S AVAILABLE 
UP YOUR , Tough Sawed—Sheared Stiff or Flexible 

ers Friendly to Touch Sanded—Punched Hard or Soft 

“f Quiet and Warm Nailed Coorse or Fine-Grained 
Pe, Relatively Light Bolted—Riveted Deep-Grained or Shallow | 

ALLEY aie Shatterproof Sewed Thick 1/2” to Thin 1/32” -™ 
Me*| Stainproof Screwed Into Glossy or Dull 
Acid Resistant Cemented Decorated or Plain 


Excellent Buffed—Polished Bright or Somber Colors 
Dielectrically 





*Home Freezer Breaker Strips * Auto Stone Guard 


UNITED STATES RUBBER COMPANY 


2638 North Pulaski Road, Chicago 39, Illinois 
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IT’S BEEN PROVED in plants the country over . . . that Roebling Cold 
Rolled Spring Stee] saves preparation time on machines, minimizes machine 
stoppages, and cuts down the number of rejects. And this is only natural! 
Every inch of Roebling Spring Steel is identical in gauge, grain and finish... 


meets users’ specifications with absolute uniformity. 


Roebling Cold Rolled Spring Stee] is available annealed, hard rolled un- 
tempered; scaleless tempered; tempered and polished; tempered, polished 


and strawed; or tempered, polished and blued. 


Your Roebling Field Man will gladly help you choose the cold rolled spring 
steel, or round, flat or shaped wire, that will improve your product and your 
production. John A. Roebling’s Sons Company, Trenton 2, New Jersey. 


ROEBLE ec A CENTURY OF CONFIDENCE 


tlanta, 934 Avon Ave. * Boston, 51 Sleeper St. * Chicego, 5525 W. Roosevelt Road 
r Cincinnati, 3253 Fredonia Ave. * Cleveland, 701 St. Clair Ave., N. E. * Denver, 4801 
Jackson St. * Houston, 6216 Navigation Blvd. Los Angeles, 216 S. Alameda St. * é) 
New York, 19 Rector St. * Philadelphia, 12 S$. Twelfth St. * Portland, 1032 N. © 
4th Ave. ® Sen Francisco, 1740 Seventeenth St. * Seattle, 900 First Ave. S _ 











“You can see the difference in 


ED RACEWA 


airs 
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exclusive with 


HOOVER BALi BEARINGS 


The photographs reproduced above are magnified one 
hundred times so you can see the difference between 
ground, polished and honed raceways. The process and 
the special machines for the honing operation are exclu- 
sive, patented, Hoover developments. Honing by Hoover 
goes far beyond grinding and polishing to achieve a sur- 
face that assures amazing quietness plus 90 per cent 
longer bearing life... 30 per cent greater load capacity. 
That’s why Hoover Ball Bearings are the choice of dis- 
tinguished American manufacturers of fine ma- 
chines and equipment. 


The Hoower Engineering Manual will be mailed 
free to engineering and purchasing executives re- 


THE ARISTOCRAT questing a copy on their business letterhead. 
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Designing, Not Refining 
lo the Editor: 

The article, “Beryllium’s Toxicity Is 
Largely Myth”, PRopuctT ENGINEER 
ING, Septernber 1949, page 155, at 
tempted to convey the impression that 
beryllium is no more toxic than copper, 
for example, and presented a fascinat- 
ing but wholly misleading picture of 
the situation. While the author states 
that the article is based upon facts, he 
has actually completely ignored the vast 
majority of medical literature on the 
ubject of beryllium. The whole tenor 
of the article is summed up in the 
conclusions, one of which states that 
“An acid radical in connection with 
beryllium is necessary to cause either 
of the two forms of pneumonitis 
This is simply not consistent with the 
facts, even as presented in the article 
It is pointed out that many cases oc- 
eott in the fluorescent lamp indus 
try, yet there is no acid radical in 
volved. In addition, much stress is 
given the absence of cases in processing 
low beryllium alloys. This is true, but 
does not justify the statement that 


‘Beryllium Toxicity Is Largely a 


Myth”. In order to judge this state. 
ment in its proper light one should 
examine all of the facts. 

There have been reported in the 
medical literature nearly 400 cases of 
acute pneumonitis and over 100 cases 
of chronic pneumonitis in such widely 
different industries as fluorescent lamp, 
sign tubing and fluorescent powder 
manufacturing ; = of cera- 
mics involving the use of beryllium 
oxide; heat treating, rolling and ma- 
chining beryllium metal; manufacture 
of beryllium alloys (involving melting 
4 percent master alloy). With regard 
to the last, Dr. Leroy Gardner, late 
Director of the Saranac Laboratory, 
cited nine pulmonary deaths among 
workers in a brass foundry casting 
beryllium alloys, in his paper “Gen 
eralized Pulmonary Granulomatosis 
Occurring Among Workers Believed 
to be Exposed to Beryllium or its 
Compounds”, which was delivered at 
a meeting of the Industrial Hygien« 
Foundation in Pittsburgh in Novem 
ber 1946. 

There has also been published by) 
the United States Atomic Energy Com 
mission Bulletin AECD-1803 entitle 
“Beryllium Symposium” which cot 
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COUNT ON PRECISION 


o- - 


FINE FINISH... 
ACCURATE NON-FERROUS TUBING 
FROM 2” 0.D. to 0.010” 0.D. 


Here is fine seamless tubing made to Nth 
degree accuracy to meet the most exacting 
requirements and performance tests of all 
products. 

“Precision Control” in heat treating is 
achieved in continuous hydrogen atmos- 

here annealing furnaces. Makes possible 
ciate. scratch-free, clean finishes . . . ex- 
tremely close tolerances... exact uniformity. 

“Precision Controlled” inspection care- 
fully checks all tubing produced. Precision 
makes tubing in all shapes, and also pre- 
formed in most alloys including aluminum, 
copper, brass, phosphor-bronze, nickel- 
silver, cupro-nickel, nickel, mone! and stain- 
less steel. 

Whatever your tubing needs in designing 
or manufacturing products which require 
fine, accurate tubing, count on Precision for 
precision tubing that meets the most exacting 
specifications. 


PRECISION TUBING COMPANY, Dept. 6 
3824 Terrace St. 
Philadelphia 28, Pa. 
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LINEAR MOTIONS 


© : THE COMMERCIAL GRADE 
> SERIES B 


Sliding linear motions are nearly always troublesome 
Thousands of progressive engineers have solved this 
problem by application of the Precision Serie?A Ball 
Bushing. . 

The low-cost Commercial Grade Series B bearing is 
now added to the Ball Bushing line and offered to 
original equipment manufacturers. This ball bearing 
has beeri developed for support of linear motions in 
competitively priced, volume produced products where 
super precision ts not essential. Alert designers can 
now make tremendous improvements in their product 
by using Ball Bushings on guide: rods, reciprocating 
shafts, push-pull actions, or for support of any me 
chanism that is moved or shifted in a straight line 





Competition ts returning. Up-to-date engineering 
can be important to you! 


+ LOW FRICTION 

+ ELIMINATE BINDING AND CHATTER 

- SOLVES SLIDING LUBRICATION PROBLEMS 
+ LASTING ALIGNMENT 

~ LOW MAINTENANCE 

@LONG LIFE 


THOMSON INDUSTRIES, INC 


A 


| Dept. F > MA iV 


PROGRESSIVE MANUFACTURERS USE BALL BUSHINGS — 
A MAJOR IMPROVEMENT AT A MINOR COST 


A ' 
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tains an excellent summary of the 
problem including detailed descriptions 
of cases. Those who are interested 
this problem should make it a point 
study this report as well as the work 
of Van Ordstrand, Hardy, Martland 
Machle and many others. 

It is a significant fact that a study of 
the distribution of beryllium disease 
indicates that beryllium toxicity is far 
from being a myth. It is significant 
first, that several compounds of beryl. 
lium are capable of producing this 
disease; that cases have been reported 
from a variety of widely scattered in- 
dustrial operations involving the use 
of several different compounds of 
beryllium; and finally the only com 
mon industrial exposure of the persons 
involved has been to beryllium com- 
pounds. 

It is thus obvious that any manufa 
turer using or contemplating the us 
of any material containing beryllium 
should investigate this problem thor 
oughly before reaching the conclusion 
that he is handling or about to handle 
an innocuous material. 





F. H. STERNER, M.D., Consultant, Indus 
trial Health, U. S. Atomic Energy Commis 
sion; K. P. DuBotse, Assistant Professo: 
of Pharmacology, University of Chicag 

A. A. SANDER, M.D., Associate in Medi 
cine, Marquette University Medical School 
T. L. SHipmMaN, M.D., Health Divisi 

Leader, Los Alamos Scientific Laborato: 

P. D. Wikes, Professor of Industria 
Hygiene, Harvard School of Public Healt! 
R. H. KeHoe, M.D., Professor of Industri 

Medicine and Director of Kettering Lab 

ratory, University of Cincinnati; H. ¢ 
Hopce, Professor of Pharmacology, U: 

versity of Rochester School of Medici 

and Dentistry; C. R. Wituiams, Assistant 
Professor of Industrial Hygiene, Harvard c 
School of Public Health; H. L. Harpy 

M.D., Assistant Medical Director in Charge 
of Occupational Medicine, Massachusett 
Institute of Technology 





Ed—We are in complete sympathy 
with the views taken by the above 
medical authorities, but believe tha 
in the light of the problems faced by 
our design-engineer readers, we gav 
them an honest answer. 

When we say “Beryllium Toxicit; " 
Is Largely Myth’ we are speaking o! 
the industrial alloys that many of oi 
readers know and have been usit 
for years. These engineers are ni 
concerned with mining, smelting an 
alloying—they want to know wheth« 
beryllium alloys are safe to use as 
standard fabricating material. We b 
lieve these standard alloys (which hav 
been in use at least 15-20 years) to ! 
safe and useful materials. 

Medical literature was not ignore 
in our search for the facts. The me: 
ical files of the Metropolitan Insuran 
Company were studied. Unfortunate! 
we found that most medical resear \. 
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use of a 


aonb Electric 


special application MOTOR 





Universal motor ports widely 
vsed in small portable elec- 
tric tools, sewing machines, 
and hand vacuum cleaners. 





Series universo! motor ports 
for such applications as 
portable business machines 
ond many types of hovse- 
hold appliances. 







Compensated series univer- 
sol motor parts used in 
mony types of heavy-duty 
indystrio! applications. 

















Series motor parts used for 
such applications as hovuse- 
hold opplionces and light- 
duty portable teols. 


Fane 













































3. Thorough dependability. 


IN THE PRODUCT... 


4. Better performance. 
$5. Improved eye-appeal. 
6. Compactness, less weight. 


Our experience in designing and building 
motors for over three thousand different 


As you explore the various possibilities of 
reducing costs, improving your product, or 
both, it will pay to look into the advantages 

of a Lamb Electric special application motor. 


A Lamb Electric Motor — engineered for the 


exact requirements of your application — 
will provide: 


IN THE MOTOR... 


1. 
2. Exact mechanical and electrical characteristics. 


Reduced cost, weight, space. 


applications is available to help you obtain Aircraft hydraulic pump mo- 


these results. 


Kent, Ohio. 







Universal motor 
vwsed for commer- 
ciel vecuum 


cleaners, wheel balenc- 
ers, cir compressors, etc. 


THEY'RE TEAMING UP WITH AMERICA’S = 
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ter with moximum evtpet, 
minimum weight. Adoptable 
te mony heovy-duty indvs- 
trio! applications 


The Lamb Electric Company, 


Bose-mounted, 
explosion - proof 
circraft geared 
fuel treonsfer pump 
motor 


- 


PRODUCTS 
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pRUM-TYPE AIR OPERATION 


ck clutch and brake units = 
0° friction surface an 

constant-velocity 
full width of the 


Fawi 
vide o 36 
yniform-pressuré, 
contact between the 


Our Readers Say contin 


dealt with the mining and smelting . 
the basic ore, or with beryllium cor 
pounds used in fluorescent lighting 
not with the low alloy strip and wi 
about which our readers want to knoy 
Before the article went to the printe 
copies were sent to all people furnis! 
ing information. In addition, we se: 
a copy to the American Medical Ass 


| ciation, in Chicago. We asked t! 


AMA to comment on the article and 
make any changes in fact that they 
thought advisable. The AMA did not 


| bother to answer our letter or return 
| the manuscript. 


Crossing the Delaware 


| To the Editor: 


We would like to refer you to the 
“Where Can I Get It” column on page 
206 in the July 1950 issue of PRopuct 
ENGINEERING. In answer to E. | 
Bruning’s query on Fluorine Seals, yo 


test 

the drum. Grea 
friction shoes and its from the t 

erating torque resy is referred him to our Company as 
oP fication of operating pressure Ider of “V" packings. While w 
application of Ope mouider of packings. ule W 
the maximum diameter. _— certainly are appreciative of this pu 
licity, we do not appreciate our sudden 
removal to Camden, N. J. As you can 
| see by our letterhead, we are very 
much alive and kicking still in Phila 
Nhacais \) delphia. S. K. AITKIN 
ane 99ed Fawick octuating ele h ° ot Linear Incorporated 
M Py reetaee d compensates fo l 
ear chi ; 
of friction shoes. This insures 


Pron ssi h t ond dependo. 
ice n 
ond brokes. — clutches 


\/ 


Willi 


5 
be 


3 2 SELF-ADJUSTING 


y 


i¥e1 


cr 


t 
‘ 


| Ed—We apologize to Mr. Aitkin fo 

| mislocating his company on the wrong 

| bank of the Delaware River. Linear's 
address is, of course, State Road & 
Levick Street, Philadelphia 35, Pen 
sylvania. 


Sit T 


te 


Engineers in Management 
To the Editor: 
The July issue of Propuct EN«! 


per NEERING ‘has just arrived and, as 
Al convensi Mechanica] linkages ways, I read the editorial first. Thes 
ments are mode mounting e a 


]} g.noWwsRICATION — 
D on design ond veutch oF 6 SPACE-Saving 
pr 


broke lubrication. 


Pace requi, 
] . rement 
Nstallar 's for ; 
ONS are Minimized Fowick 
small numbe We to the 


Ay ro. ; 
elimination moving parts ond 


eliminate the 


~ range. discussions usually “hit me just right 
S2¥INg Of Vitel oxic ‘th @ substantial and the Cloth of Gold especially, | 
va, cause we need more engineers not on!) 
in sales, but in all phases of manuf. 
turing. The more technical the pro 
| uct, ours is vacuum tubes, the mo 
engineers. 

As an extension of the editor 

I do not mean more engineers in 
| bigger engineering department. \\ 
need more engineers as foremen a: 

| supervisors. Many of our industri 
and plants are still full of school tea: 

| ers, shoe salesmen and farmers th 
| entered industry in 1941 and 1942 a: 
_are doing a fair job. However, th: 
sometimes impede progress by th: 
lack of engineering training and i: 
sight. The serious thing about th 
situation is that industry is requiri: 


ps All desirable dutch characteristics are built inte Fawick Airfiex units 


FAWICK CLUTCHES = 28: + O+=>+O?=PEAK EFFICIENCY 


amas COMPACT 360° RADA CONTACT SMOCR ABSORPTION CONTROLLED [ORQUE 
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skilled springmakers.. 
AND practical, __ 
experienced engineers, 
SPECIALIST Ss 

in spring design 

and manufacture 


Wy 
Vo 
YY 


It takes people to make 
springs. Ours are specialized, 
highly trained, long-experienced 
pecple—well qualified to give you 
the finest in spring craftsmanship. 
G Our engineers too, are an important reason 
why you'll like Accurate Spring Service. They're old hands at 
spring-making...they’ve developed manufacturing systems and 
procedures that enable us to handle your jobs with the greatest 
speed and efficiency. These Accurate engineers are at your 
service on spring design problems. You will benefit 
from their practical assistance in designing ener edheomertng oe! ach 


° ° ° . Tech 1 Dat Spri This 
exactly the right spring for your application. beatles teas Eaten uh of cokes fen 


. some time and if you have previ- 
| Why not try Accurate on your next job. ously asked for a copy and have 
not received it, we would appre- 


ACCURATE SPRING MFG. co. ciate your asking again. ‘ 
3815 W. Lake Street Chicago 24, Illinois 4 





LULU 


SPRINGS WIREFORMS STAMPINGS 


. ; ; 
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niente Series 


The bonus values found in McGill Multirol roller bearings are porth 
money to you. They mean increased profit measured in terms of savings 
. through improved anti-friction performance. This/ better 


performance is due to the consistently higher degree of pfecision 

. . . that marks all McGill bearings. For smooth performafce, low 
starting torque, minimum maintenance, ease of assembly, implified 
lubrication, and long life in your roller bearfng applica- 

tions . . . investigat¢ the McGill 

SE, CF and CYR Myfltirol bearings. 


dgive and idler shafts for greater 
precision and longer life. Capacity is in- 
d while radial bearing space is held 

to minimum of throat requirements. 


CF and CYR Series in Slide 
and Carriage Application 
MULTIROL Cam Followers and Cam Yoke 

Roller Bearings permits precision move- 
ment of Cross Slide and Carriage — elimi- 
mates costly machining and scraping 

of gibbs and ways. Sim- 

plifies assembly and lubri- 

cation. Also ideally suited 

to tail stocks. 








For informative literature write: 
McGill Manufacturing Co., Inc., 
Bearing Division, 201 N. Lafa- 
yette St., Valparaiso, Indiana. 
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more fundamental know-how of eng 
neering, physics and chemistry, and | 
management is to make a profit and 
prosper while labor and material costs 
rise and margins shrink, more and be: 
ter engineering control is paramount 
all along the line. This control 
easiest and least painful when engi- 
neering is an inherent and integral 
part of all management levels and not 
as a policeman from a separate de- 
partment. 

Teachers and shoe salesmen are fine 
in their place, but patience wears thin 
when the engineer has to perennially 
coax, wheedle, outsmart and do end 
runs to make changes that should be 
obvious in a minute. 

A little more on this theme may be 
helpful to industry, especially if the 
Korean situation snowballs into an 
avalanche. —H. L. RATCHForpD 


Sylvania Electric Products In: 
Ed—Mr. Ratchford’s comments are 
also thought-provoking and may wel! 
be the basis for an editorial in a com 
ing issue of PropucT ENGINEERIN« 


Another View 
Of Nodular Cast Iron 


To the Editor: 

This is in reference to the article 
on nodular cast iron by Mr. Charles K 
Donoho, which appeared in the April 
1950 issue of PRopucT ENGINEERING 

In considering the use of nodul 
iron for machine and other parts, three 
questions are often raised: 

1. What service improvement wi! 
be gained from its use? 

2. What economic advantages wi 
result? 

3. What dependability can be ex 
pected ? 

These questions could be answered 
more sdidintasle if they were applied 
to individual castings where design 
importance of part, machining, service 
dependability and ultimate cost could 
be considered in their order of 
portance. However, a general answer 
can be reached by considering the 
knowledge available on nodular iron 
and comparing it with other materials 

What Is Nodular Iron ?—Basically, 
this material is not new. It has the 
general microstructure and physical 
properties of malleable cast iron. Both 
materials differ from gray cast 
only by the form of graphite 
malleable iron, the graphite is ent 
nodular, but this is not always tr 
the case of nodular iron It has 
stated that over 25 percent of 
graphite present must Pe nodular, 
remaining 75 percent being in 
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VERSATILE ' 


ECONOMICAL 


EASY TO 
INSTALL 


THE NEW HONEYWELL 
/ SELF-CONTAINED 
TEMPERATURE CONTROLLER 


IT MEASURES temperature by means of a remote bulb thermal system, and 
electrically operates its motor-driven control valve to maintain the desired 
temperature in hundreds of different operations and processes. 


It provides the advantages inherent in a self-contained unit... ease of 
installation and economy of operation... plus the power and positive 
action of an electrical system. 


Check with your local Honeywell engineer for detailed information . . . or 
write for a copy of descriptive Bulletin 86-1. 


CHECK THESE FEATURES: 
</ Temperature range from 0 to 700° F. } -port valve providing true propor 
External control point setting . . . tional control. 
graduated in degrees F. and C. 


d \ Positive valve positioning 
V Available with electric proportional or 


two-position control. \ Oil-immersed control motor 
V Electric proportional style includes Selection of valve sizes . . . 14" to ¢ 
MINNEAPOLIS-HONEYWELL REGULATOR CO 
INDUSTRIAL DIVISION 


4459 Wayne Ave., Philadelphia 44, Po 
Offices in more than 80 principal cities of the United Stetes, Conede and throwghout the world 


Advanced Instrumentation 


FOR BETTER PROCESSING 
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DIESEL LOCOMOTIVES « HEAVY DUTY TRUCKS e CRAWLER TRACTORS « BUSES « FNGINES ‘ 
Our Readers Say contir 


COMBINES * MACHINE TOOLS * CEMENT MIXERS © ROAD GRADERS * OUTBOARD MOTORS 
IFT TRUCKS « MOTORCYCLES * WOODWORKING MACHINERY form. Where the larger exceeds 
lesser, the law of mass says that 
larger must dominate. This fact « 
tainly is true when applied to the 
ACHINER TREET SWEEPERS fiuence of structure on the engineer 
ENGINES properties of metals and alloys 
Must Be Fully Nodularized—A n 
ular casting with as much as 50 | 
INDUSTRIAL cent of the graphite in flake form » 
MARINE ENGI p have no ductility and certainly » 
have no better physical properties ¢} 
a good grade of cast iron. It will 
vastly inferior to a steel casting. T! 
recently was brought out in an art 
by Max Kuniansky, reviewing his e 
perience at the Lynchburg Found; 
Company as follows: 

“For those who embrace ductile iror 
as a means of correcting faults in met 
allurgy, cupola and foundry practice 
many headaches are in store. For those 
who sell ductile iron for any and al 
uses, much trouble lies ahead for bot 
the consumer and the producer. | 
making pipe or castings of unifor 
light section that cool fairly fast, tl 
are not many problems. For making 
varied line of engineering casting 
much spade work is yet to be done 

“We feel that an engineering app 
cation of ductile cast iron is from or 
to three years away from the first « 
periments with this material. Let 
experiment wisely and make has: 
slowly.” 

If nodular iron is made from a soft 
graphitic pig iron base mix that is hig 
Two sets of spiral bevel gears produced . in carbon and silicon and not fu 


by Fairfield interconnect the dual crank- nodularized, the properties quickly : 
vert to those of a weak graphitic 


* « 
shafts of the opposed piston diesel engines -— = oo. 
in the locomotive shown above, which is | & If nodularization is 100 percent, | 
one of an ever-increasing fleet serving ' at | properties show great improveme: 
4 


OTORS AND AVIATION EQUIPMENT 
RANES ¢ OlL FIELD MACHINERY 


AGRICULTURAL 


America’s railroads. Diesel locomotives are ae : rage ar prsoanaee is 

. . obtained, t n 1ysica roperties [a 

just one of the many types of equipment — i popes peapers 
' rfield’s vi correspondingly as shown by the tes 

that have benefited from Fairfield’s pioneer- The gear sets used in inter- results shown in the chart. These r 

ing work in producing high precision, auto- connecting the crankshafts of sults were taken from 1-in. diamet: 


, — opposed piston diesel engine we ‘ ae : 
motive type gears to meet virtually any capkanaiianenen dines. test bars especially prepared If 
nodularized treatment is missed or 


required specification of industry. If gears ‘ ; 
it is fully obtained in the lighter s 
are a part of the product you make, get ene ek Gn Gatien. bet ts oat 
acquainted with Fairfield. Write today. nodularized in the heavy sections 
cause of process deficiency, casting 
sign or mass influence, the casting 
fail. If it is designed to the properties 


Fine Gears Wade Le Onder | of 50 percent nodularity, then an 


necessarily high cost has been involved 


SPIRAL BEVEL e STRAIGHT BEVEL in using a material from which n 


vantage in service can be obtained 


HYPOID «© HERRINGBONE Nodularizing, which is entir« 


‘ ladle treatment, sometimes is not 
a) selnay fective although it has all the earn 


WORMS AND WORM GEARS | of being so. Physical propertic 
= _  Feints —— castings poured from the same 

Ee | on vary greatly from 50,000 psi te 
in }-in. sections down to 22,00 


FAIRFIELD MANUFACTURING CO.) wisi. es uu. 


313 SO. EARL AVENUE LAFAYETTE, INDIANA ' iron exhibits high shrinkage 4 
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for 


ECONOMY 


Costly assembly operations are reduced 
to blanking costs ... no waste of 
precious metal. 






MAKEPEACE 


"RAISED-LAY” 


AN IDEAL 
LAMINATED MATERIAL 


CONTACTORS 


The mony advantages of this 
new material for electrical con- 
















LONGER LIFE 


Wearing surfaces on base metal are 
rolled to required temper. 






IMPROVED 
CONTACT TIPS 


Precious metal is hard rolled to produce 
dense, hard contact surface with highly 
desirable electrical and mechanical 
qualities. 









SECURE BOND 
OF CONTACT TO BASE 


“Raised-Lay” is laminated in ingot form 
through heat and pressure and then cold 
rolled to the required width and 
thickness. 






















*Potents applied for covering both the moterial 
ond the d of applicati 





RODUCT ENGINEERING — 


Your inquiries are cordially in- 
vited and will receive our 
prompt and interested attention. 


SEPTEMBER, 1950 


tacts are being utilized by 
General Electric in its latest line 
of a-c motor starters. 





“Raised-Lay” consists of one or more strips of silver or 
other precious metal bonded to the base metal in the form of a 
ridge or bar, providing very definite advantages for both manu- 
facturers and users of contactors. 


“Raised-Lay” is available in any strip width and thickness in 
both single, double and double-double combinations and can also 
be made in any desired combination of precious and base metals 
to specifications. We are also prepared to furnish similar contact 
material in the form of “In-Lay”, “Edge-Lay” and “Over-Lay”. 


In addition, we offer a complete blanking and fabricating service 
on “Raised-Lay” and our other contact materials to meet any 
requirements. 
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moderate fluidity and, on casting 
haves somewhat like stee!. Exper 
tors with the material have em; 
sized shrinkage defects and thi 
problem that will require 
and improvements in practice 
Machining Costs—No_ conc! 
figures are available as yet The Brit 


1 hardness of general-run castings va 
ESIGN and between 207 and 295. Costs there! 
—7 are likely to run higher than cast 
An ports lterengertiet Genie , Newest, improved type dirt wiper and will more nearly approxin 
builds cylinders with precision tool- | . seal. Simple, effective, long lasting 


ing. Only perfect parts are accept- Superior by actual test. 
able; no individual “tailoring” to j 
7 


those of cast steel 

Casting Costs—Commercial prod 
tion has not reached the stage w 
dependable figures are available 


suit factory assembly. Your assurance 


of life-long renewability of parts. Wrench flats on rod end for 


“tate 
your convenience in installing two or three foundries consulted 
and attaching. cate that cost per ton is over $60 1 


Positive-seating packing : than that of cast iron. If ductil 


gland —no danger of over- , , required, the castings must be anne 
tightening against self-seal- Confined O-ring seals — posi- 


ing chevron packing. Parts tively pressure sealing. Note at an additional cost vay - 7 . 
readily accessible. step under cylinder end = per pound depending ‘upon qua 
guards against crushing of = and capital investment involved ir 
cont. annealing equipment. 

Further Work Needed—lIt ap; 
Finest finishes. Rods ground and I ,Special type beveled-step, pressure that further development work 
polished, hardened or chrome || J sealing piston rings. Full four ring quired betore nodular iron 
plated when specified. Cylinder ; construction — two positioned to seal classed as a fully proven engine: 
walls “Tru-Bored” and honed. ; | against head end pressure, two 


ters ] ¢ y vs r mert 
against rod end pressure. material, although its properties 


dicated by test bars are ind 
; triguing 
Hannifin’s “No Tie Rod” de ; : Improved split retaining ring The successful prod ictiot 
sign. No nuisance, no danger ' design. Lorks cap-collar assem- ular iron castings requires cons 
of stressing or cocking cyl- ; ’ bly to en. of cylinder. All j ‘ 

i ° tent , tra ’ 
inder assembly with uneven a ports seporable and readily tention anc rigic contro Ove 
tightening of tie rods. Parts removable. Universal end caps step of the process. There can 
at either end removable with- ' a ~—inlet ports can placed on = half measure because failure to 
ae Sa : ; oem. the desired form of graphite se; 

tion may result in extremely poor p 
ical properties. Inexact or under | 
treatment results in undesirable g 


TS Bt | itic flake formations which, in 


EXAMPLE: Hannifin Model HN Hydraulic result in very low engineering 


. ; acteristics. Over heat-treatment, on : 
Cylinder — flange mounting, head end. other hand, will result in a brit 


ta Y D ~ A U L | C ae | non-machinable, and high-shrink 
» 2 & * 8 2 | material because of the large am 


You can save time and money right from the start by of carbides present 

checking with Hannifin on all of your hydraulic wsoenuue | The gap between experimer 
cylinder requirements: 12 standard bore diameters, achievement and general commer 
1” to 8”. . . any length stroke you specify . . . 11 BS | use has in history always been a w 
standard mounting styles . . . standard, double end | one, a gap which unquestionably 
or heavy duty (2:1) piston rods... available with be bridged through the passage of 
adjustable cushions . . . standard pressures to 1500 gue “4 combined with patient developn 
lbs. per sq. in. Special designs to order. Get your ~—__ —sé|:s and sound manufacturing procedur 
copy of Bulletin No. 110. r —C. E. HERRING? 
; 7s so * &@ es ¢ ts we © Al oa Meehanite Metal « 





It’s easy to get the right answer for even the most 
special jobs when you use Hannifin’s book on | Tensile | Modulus 
PNEUMATIC CYLINDERS. 48 pages of helpful | Material Strength, Flasricity, 5 


DSI 10" 


y meena and engineering data, complete with | , 
iagrams and dimensions. Ask for Bulletin No. 210. 

HANNIFIN CORPORATION, 1125 S. Kilbourn | Base Iron 20,000 
Avenue, Chicago 24, Illinois. a icin 43.000 


Nodular 
50 percent 65.000 
Nodular 
All Nodular 85 000 
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One of Several Parts of a Cata- 
lytic Cracking Plant Produced for 
the Petroleum Industry. 


Pressure Vessels for the Chemical 
and Allied Industries 


Heavy Press and Machine Frames 
end Bases for the Machine Tool 
Industry. 


Diesel Gagine Crank Cases and 
Frames for the Marine and 
Electro-Motive Field 


fweee 0 


Crank Cases, Frames, and other 
Parts for Manufacturers of Marine 
Steam Engines of Uniflew or 
Multiple Expansion Type. 


Two Diese! Scavenger Housings, 
which were port of an order 
covering a number of such 
welded steel housings fabri 
cated and completely machined 
ready for assembly by the 
Steel-Weld Division of The R. C 
Mahon Company 


The Diesel Engine Scavenger Housings illustrated 
above are another example of Mahon advanced tech- 
nique in Stee!-Weld Fabrication . . . they are typical of 
thousands of Steel-Weld Fabricated parts and major 
assemblies produced by Mahon for manufacturers of 
heavy machinery and equipment throughout the coun- 
try. You, may also find it advantageous to employ 
Steel-Weld Fabrication . . . if you do, and are inter- 
ested in good workmanship, you will find i: the Mahon 
organization an unusual source for welded steel in any 
form for any purpose—a source with modern fabricat- 
ing and machining facilities, backed by a staff of 
competent design engineers and craftsmen from whom 
you may expect a smoother, finer appearing job, em- 
bodying every advantage of Steel-Weld Fabrication. 


THE 8: €C: MAHON COMPANY 
DETROIT 34, MICHIGAN 


Engineers and Fabricators of Steel in Any Form for Any Purpos 


> ae ka ns - 
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NEW BOOKS 





The Mechanical Properties 
Of Wood 


FREDERICK F. WANGAARD, Associ 


— 
Professor of Forest Products, Y< 
University. 377 pages, 6x9 in. Px 
wes lished by John — & Sons, © 44 
Fourth Ave., New York 16, N.Y. § 


This volume is a completely rewrit 
for the Life of Your Product ten and reworked version of its pred 
cessor, Dean George A. Garratt’s boo! k 
of the same title published in 193 
Seven new models—! to 65 amperes Extensive developments in timber m« 
Millions of contacts assured chanics and timber engineering and 
Smaller in size—increased in capacity increased knowledge of the effects 
Positive “Make and Break” contact action of various factors on the propertic 
No deterioration from inactivity of wood are all reflected in this book 
Moisture proof if desired It is a complete source of informa 
Withstands high temperatures tion on the technical properties 
wood. The book contains comprehen 
sive tables presenting fundamenta 


strength and related properties { 
“¢Durakool more than 150 American woods as 
Si well as tables of recommended basi 
MERCURY SWITCHES stress and working-stress values fo: 

See Telephone Directory for Local distributor structural species. Examples illustrat 
or write ing the derivation and application of 


DURAKOOL, INC. * ELKHART, INDIANA stress values are given throughout 
the book. 


The four parts of the book are: T! 

7] Basic Mechanical Properties of Clea: 

4 Wood; Factors Affecting the Mechan 

| EL- * ical Properties of Wood; Working 

Stresses for Structural Lumber and 

Timber Testing. References appear a 

ES T “y TES the end of each section. The Appen 

3 dix contains a sample plan for test 
ing small clear specimens of wood 


“Recently, one of our customers sent us, un- Vector and Tensor Analysis 
solicited, the findings on a test he conducted. In 


this experiment, Pet-X was tested along with HARRY LASS, assistant professor 
seven similar tracing cloths and when the re- mathematics, University of Illin 
sults were in, PeEL-X topped the list on every 347 pages, 6x9 in. Published by 
count including evenness of pencil lines and McGraw-Hill Book Co., Inc., 330 
workability — and by a substantial mar- 42nd St.. New York 18, N. Y. $4 
in, too!” 
. This is proof that Pet-X can do every- This book is the first to be p 
thing as well as any other tracing cloth lished in the “International Series 
and some things better. Pure and Applied Mathematics”. 7 
Find out for yourself just how good series is designed to meet the nx 
Pet-X really is by trying it on your draw- for new works at the graduate a 
ing board. Put it to any test against any upper undergraduate level in theor 
competitive tracing cloth and compare ical or pure mathematics. 


the results. We're sure you'll want to 
. , rs r 
switch to Pext-X. Write for generous Methods and tools of vecto 


sample. *Name on request. tensor analysis are dev eloped and « 
cussed as they are applied to ge 
WATER REPELLENT 


THE HOLLISTON MILLS, INC etry, mechanics, electricity, hydro 
. ' > namics and the theory of relativity 
NORWOOD, MASS. ’ 


3 at dp evagy a 
Cing cre Introductory chapters are inclu 

op SBebeny se, <eghereohae pointe ot to familiarize the reader with 
| | algebra and calculus of vectors. Nx 
| ing beyond calculus is required to 


ee tt Ot OF OE 
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" ' 
seia' 

















Propuct ENGINEERING — SEPTEMBER, 





ontinued 


develop 
the subtect matter 

imple and comprehensive out- 
real variable theory, especially 
pplication to the Riemann in 


led. Numerous ex 


is indcluc 
sles are presented to illustrate the 
ry Exercises at the end of each 
tion supplement the text. 
Chapter headings include: The alge- 
1 of vectors, differential vector cal- 
lus, differential geometry, integra- 
static and dynamic electricity, 
chanics, hydrodynamics and elas- 
ity, tensor analysis and Riemannian 
eometry, and further applications of 
nsor analysis 


* @& 
a 
Qa 


Will save YOU... Money, Space, Time! 


Dudco Vane-Type Motors operate by direct force of the fluid against the 
vanes. The fluid enters through ports which are diametrically opposed. to 
balance shaft loads, and discharges in the same manner. Notes included with 
the figure below relate to fluid motor construction. Pump operation is similar 
with the dual vanes bearing radially outward with positive forces which 
while adequate for pressure sealing, are balanced hydraulically to eliminate 
undesirable wear producing thrust against the ring. 


Electronics, Principles 
And Applications 


NOTE HOW PRESSURES (F 
INLET OF AND OUTLET PRESSURES (Vv 
OvuT.et or ouruer BALANCE EACH OTHER 
wieT NO SHAFT LOAD 


Vv 


RALPH R. WRIGHT, Associate Profes- 
r of Electrical Engineering, Virginia 
Polytechnic Institute, 387 pages, 6x9 
y The Ronald Press 

h St... New York 10, 


P - ONLET PRESSURE 
v¥- OUTLET PRESSURE 


This is a textbook written primarily 
r non-electrical engineering students. 
satisfactory also for in- 
electrical engineering stu- 

nts and physics majors 
The make-up and arrangement of 
book is as follows: Chapters 1 
rough 3 present basic electronic prin- Se eee 
ples; Chapter 4 is a brief review of 
and a-c circuits; and Chapters 5 
hrough 12 deal with basic applica- 
1 tubes. Chapter 4 has 
been introduced to adapt the text to 
students of various backgrounds. 
Although one or more elementary 
ourses in electrical engineering are 
rdinarily prerequisites for electronics, 
nany students require a brief review 
basic circuit theory, as presented in 
this chapter, before taking up analysis 
of electronic circuits. If the instructor 
prefers to leave to the student the re- 
sponsibility of review, omission of 
Chapter 4 will not affect the con- 

tinuity of the text 

Chapters 5 through 12, devoted to 
electronic circuits, have also been 
planned with flexibility in mind. They 
are arranged in the book in an order 
which the author considers a logical 
e, though it is by no means the only 
sirable order of coverage. Each of 
these chapters is more or less a com- 
plete unit in itself; thus the actual 


eof use maybe any hat Sem 0- PRODUCTS COMPAN 


Every effort has been made to pre- 
ad = t . . e 
the material in a clear and co 1784 E. Nine Mile Road * Hazel Park, Mich. 
ent manner, slanted to meet the re- “7. “ 
2 m se se 
rements of nonelectrical students. ae me cutaieg end moter dete sheets: 


dinarily nonelectrical students will Nome 


ee ellen 


tions of electror 


CHECK THESE FEATURES CHECK THESE USES 


DUDCO MOTORS operate down as Lumber Resaws slitters 

low as 10 or 15 RPM at high torques conveyors carriage teed 

often eliminating the necessity for works 

gear reduction units 

Starting torque is over 93° of theo 

retical torque Mach Tools Th a 
. achine 1ools nrec tap 

a -wartks ping. lapping, indexing. bend 


ing machines, etc 
Quiet operating even at 3600 RPM 
Smaller size for ease of application 
Overall mechanical efficiency 85° M . — 
at 1200 RPM, 77% at 100 RPM after ining Equipment (Traction 
long use Shoveling). 
120 HP available at 800 RPM Trucks (Hose reeling, con 
Hydraulically balanced for long voyers 
life—without any mechanical means Railroad Work Equipment 
for holding vanes out against the . 
stator ring Drilling Rigs (Rotary table 

® Rugged reversible service is com cathess winch 

mon application ® And many more 


Cannery (Box dumpers, fruit 
conveyors 


Chemica] (Centrifuge, mixers 
agitators, screw conveyors 


DUDCO’S over 100 field representatives stand ready to assist in the application 
Vane-Type Motors and Pumps to your equipment 


Write today for our complete catalog and our handy fluid motor data sheets show 


ing HP output and speed vs. volume and pressure required. 


Company 
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MATERIAL 


THE CUSTOM MOLDER HAS LONG 
SINCE resigned himseif to his allotted 
position in the plastics industry, 
tucked cosily behind the eight ball 
It does have the doubtful advantage 
of being shady there. This will not 
stop him from letting out with occa- 
sional cries of pain when someone 
rolis the aforesaid eight ball over on 
his toes without warning. He doesn't 
like to be disturbed at his efforts to 
make a meal from the incautious 


items which flit in his direction. 
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The ebb and flow of plastics raw 
materials are a matter of real con- 
cern to him. At times this concern 


rises to wonderment. 


Case history No. 1—Phenolics . . . 
During the war, many molders had 
to shift their sources of supply from 
the accustomed channels. After the 
war, phenolics were scarce and went 
on allotment. Some makers set the 


allotment on pre-war purchases, some 


Case history No. 2—-Polyethylene 

. . This was the darling of radar. 
When wifely intuition proved scien- 
tifically accurate in plotting the 
whereabouts of her wandering 
spouse, it was discovered that the 
demand for this plastic was non-ex- 
istent. So the R.M.M. (Raw Mate- 
rial Makers) called on the molders 
to find uses. That takes time, so the 
R.M.M. were probing too. Result 
i948, supply plentiful; 1949, on 
allocation; 1950 (first quarter), sup- 
ply plentiful; 1950 (second quarter), 


on allocation. 


Case history No. 3—Polystyrene 

. . This one really speeds up the 
confusion. January 1950, overnight 
delivery; April 1950, pending price 
war; May 1950, perhaps 60 days. 


All the poor custom molder has to 
do is convince his customers that they 
should order molded parts three 
months ahead and that their com- 
petitors are, to put it mildly, exag 
gerating if they claim to have an in- 
side track and can get material any 


time they order it. 


We are used to our position rela- 
tive to the aforesaid eight ball, but 
we get confused when someone 
pushes it over on us without fair 


warning. 


on war purchases. Result—headaches 
for the unlucky ones. 
a ‘ 


GEORGE K. SCRIBNER, President 








Boonton Molding Company, Boonton, N. J. 
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New Books contin 
not require an intimate knowledge o{ 
circuits. Rather, they need a good 
grounding in basic principles of e| 
tronics and an ment ese, 8 of how 
these principles can be applied to con- 
trol or facilitate various industrial 
processes. In consequence, a highly 
mathematical — has been 
deemed undesirable. Wherever possi 
ble topics are presented from a qualit: 
tive rather than a quantitative point of 
view. Only basic equations have been 
included. In most instances these are 
not derived; they are simply stated 
with the terms in each equation ex 
plained sufficiently to enable the stu- 
dent to use them intelligently. For the 
most part, only elementary mathematics 
is used, with employment of simple 
calculus in a few places to analyze 
phenomena that cannot be readily 
analyzed in any other way. In Chap- 
ter 12, which deals with control cir 
cuits, no attempt has been made to de 
scribe specific control equipment. In. 
stead, various types of basic circuits 
illustrating the principles of electroni 
control circuits are explained 





Quality Control and 
Statistical Methods 


EpWARD M. SCHROCK, General Elec- 
tric Company, 213 pages, 6x9 im 
Published by Reinhold Publishing 
Corp., 330 W. 42 St., New York, 
N. ¥. ZS. 


In straight-forward language, this 
book follows the step-by-step process 
through the operations of applying 
statistical methods to the problems of 
modern industrial quality control 

Many illustrations and practical ex- 
amples reveal the use of the newest 
techniques to achieve almost unbeliev- 
able improvements in — uni- 
formity and reduction of scrap and 
rework losses. This book is intended 
for those who are new to the field who 
want to improve their effectiveness in 
appraising and controlling the quality 
of products or the economy of meth- 
ods to increase production. 

The presentation and treatment of 
materials is in accordance with gen- 
erally accepted practices and standards 
The application of methods covers the 
broad field of industry and includes 
such diverse problems as are found in 
the electrical industry, growing and 
packaging of food, steel products, 
errors in filing, mail orders, c! 
ing, lumber, controlling overtime 
tical instruments, biologicals, text:'¢s, 
and polls of public opinion. In s 
this book involves any field where ‘he 
quality of product must be appr: cd 
and controlled and includes nume us 


















MAKES BETTER PRODUCTS FOR 


The special tight bond of zinc to steel makes Galvanite.” $ 
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rust-repelling steel. is necessary The finish stays put 
aiitiare Ma (14M (el si-tMelale Melelellale MieM lel (-t Me] +)e\-te] MEL mele. um 


ito) ¢- Me] am ol-1-) Mo am aeloh Mell teen toh diileM olccleltiailel MR melale 













costs, For the same reasons it won't fail—bringing ever- 


} 
Torsilale Ma titieluil Tame cehitiielalleliMae] mei -14 idee] Malelgehocelas 
or anything else that requires zinc coat stee there's 


~~ 


notn ‘ate better daleolammG@iein 2elalli = 
Galvanite Is NOT Shiny , 


The special patented process employed in the manutac oo > 


ture of Galvanite* gives the steel a grey finish. Do not 






expect a shiny, tinny fol eo} el -telgelala — Most relaeleltia ts sate lets 
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: “e For Quality Electrical Sheet, Stainless, and Special 
/, loos Alloys, Too, Specify Sharon—Fine Steels For More 





Than Fifty Years 


SHARON STEEL CORPORATION 


SHARONSTEEL Share, Panniylearia 
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MOUNTING DIMENSIONS 


— BORE roe BORE 


SEE WHY 
O-M CYLINDERS 


PACK MORE POWER 


IN LESS SPACE 


Tie rods and bulky end caps are 
eliminated on O-M hydraulic, water, 
air cylinders. Bore for bore you save 


. 
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ORTMAN-MILLER 


MACHINE CO., INC 
1218 150th shame Hammond, I Ind. 





New Books continued 
opics, materials and useful tables not 
previously covered. 

rhe organization of this book makes 
it suited for use in classroom ‘instruc- 
tion in the colleze teld. It presents a 
logical, practical approach to those 
who are new to the subject. Its com- 
prehensive treatment of widely useful 
techniques provides an excellent foun- 
dation for those who wish to specialize 
in the field. There is sufficient mate- 
rial for a full yea. course on indus- 
trial quality control. 


Introduction To The 
Transfer Of Heat and Mass 


E. R. G. EcKEert, Air Materiel Com- 
mand, Wright Patterson Air Force 
Base; and consultant, National Ad- 
visory Committee for Aeronautics. 284 
pages, 6x9 in. Published by th 
McGraw-Hill Book Co., Inc., 330 W’. 
42nd St., New York 18, N. Y. $4. 


Written at the graduate level, this 
translation and adaptation of the au- 
thor’s German text will be of interest 
to mechanical engineers. 

The volume is designed to give an 
understanding of the basic physical 
processes and the different modes of 
heat transfer, and the close relation- 
ship between the transfer of heat and 
mass. The evaporation and condensa- 
tion of water vapor is used as the 
basis for the treatment of heat trans- 
fer. Understanding these basic proc- 
esses will enable the reader to use the 
formulas for the calculation of heat 
exchanges and cooling problems. 

New topics such as regenerative heat 
exchangers, heat transfer at high veloc- 
ities, and studies with the zehnder 
mach interferometer are included. 

The chapter headings include 
Fundamental principles of heat trans- 
fer, heat pre tor heat transfer by 
convection, thermal radiation and the 
«xchange of mass. 

In the appendix of 18 pages, which 
is intended primarily to support the 
text and not to fulfill the requirements 
of a handbook, tables are presented 
that give the property values of the 
important liquids, gases, metals and 
nonmetallic materials. 


Industrial Instrumentation 


DONALD P. ECKMAN, College of Engi 
veering, Cornell University. 396 page 

53 x 84 in. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y. $5. 


This book is an introduction to the 
science of measurement. Rapid devel- 
opment of new industrial methods and 


BATTERY 


CHARGER - TESTER 


TIMED BY 


ccutite 


INTERVAL 


TIMER 


Accurate...dependable...the Mar- 
quette Charger - Tester, o product of 
the Marquette Manufacturing Co., is 
widely used by service stations and 
garages, by fleet owners and car dea! - 
ers. At the touch of a button, 20 second 
test shows true battery condition, gives 
complete analysis, and indicates exact 
charging time. Completely automatic, 
the Charger -Tester is equipped with a 
Cramer Type !G Interval Timer that 
provides up to 60 minutes of controlled 
charging, has “hold position” for over- 
night or slow charging. 


Cramer Type |G Interval Timers ore 
designed for a wide range of built-in 
applications—microfilming equipment, 
hair waving machines, laundry dryers, 
therapeutic machines, extractors, 
ovens — wherever precision timing 
control is required for convenience of 
operation, faster production, mainte 
nance of quality. The Type !G Timer 
shown below, can also be furnished 
with o manyal starting button (option- 
al). For detailed information, write 
for Bulletin 130A. 





TIMING PROBLEM 2 | 


| 
If the performance of your pro- 


duct depends on precision timing, 
send us full particulars about your 
application. In deve'xping a 
range of ¢ ~ices — Time Delay 
Relays, Interval Timers, Percent- 
age Timers, Running Time Meters, 
Synchronous Motors — for a great 
variety of commercial and indus- 
trial timing duties, we have had 
wide experience in the design of 
equipment to meet many specific 
needs .. . and will welcome the 
opportunity to assist in solving 
your problem. 


THE R. W. CRAMER COMPANY, INC. 





BOX 7, CENTERBROOK * CONN. 
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From your designs we'll furnish a pre- 
cision replica in bronze, in standard or 
special alloy, including helical cuts, 
chamfers, recesses or tapers. We have 
excellent facilities for producing a wide 
variety of simple or complex sizes and 
shapes in any quantity for many appli- 
cations, including aircraft, marine, 
tanks and other military equipment. 
Laboratory control and inspection 





methods hold rigidly to your specifica- 
tions. Research and engineering con- 
sultation service is available without 
obligation. Our seven manufacturing 
plants also produce a complete line of 
silent sleeve bearings in many combi- 
nations of size, design and materials 
for a multitude of applications. 


Your inquiry is invited. 


FEDERAL-MOGUL CORPORATION, 11043 SHOEMAKER, DETROIT 13, MICH. 


OVER FIFTY YEARS OF CONTINUOUS BEARING EXPERIENCE 


SEPTEMBER, 1950 

















WeAlUiG 


VT 


LOW CARBON 
HIGH CARBON 
STAINLESS 
SPECIAL ALLOY 
ARMCO IRON 


You draw the Shape 


—Page can draw the Wire 


—the way you want it for your pro- 
duction—whether it’s ALL of your 
product, or only a part, 
Cross-sectional areas up to .250” 
square; widths to 4%"; width-to-thick- 
ness ratio not exceeding 6 to 1. 


for Wire or 
Information about Wire — 


Ge 1 age! 


Monessen, Pa., Atlanta, Chicago, 
Denver, Detroit, Los Angeles, 

New York, Philadelphia, Portiand, 
San Francisco, Bridgeport, Conn. 


New Books continued 


techniques has brought the subject of | 


measurement into a science on its own 


physical foundation and has extended | 
its scope far beyond the elementary | 


concepts of temperature and pressure 
determinations. New measurement 
methods based on both new and old 
physical phenomena are becoming 
common in industrial operations 

The general aim of this book is to 
review the principles of those methods 
of measurement used in industrial 


processing and manufacturing. Pri- | 
mary emphasis is given to the method | 
rather than to the mechanism. Atten- | 


tion is paid, however, to important 
practical details such as the selection 
and arrangement of instrument, 
process analysis and supervision of in- 
strument equipment. Composition 
analysis instruments and methods are 
treated in a chapter that covers emis- 
sion and absorption spectroscopic 
analysis, mass spectrographic analysis, 
and other important methods. Instru- 
ments for mechanical measurements 
including displacement gages, strain 
gages, force meters, velocimeters, and 
accelerometers are treated in another 
chapter. 

Numerous schematic diagrams of 
operation principles and meter instal- 
lations are used. A 30-page appendix 
contains temperature conversion tables, 
standard thermocouple emf tables and 
orifice flow coefficient tables. 


Transient Performance Of 
Electric Power Systems 


REINHOLD RUDENBERG, GORDON MC- 
Kay Professor of Electrical Engineer- 
ing, Harvard University. 832 pages, 
64 x 94 in. Published by the McGraw- 
Hill Book Co., Inc., 330 W.. 42nd St., 
New York 18, N. Y. $12. 


The field of transient electric phe- 
nomena has developed into an im- 
portant foundation of electrical engi- 
neering. For the design and the 
operation of electrical systems it his 
assumed the same significance as the 
regular performance in the steady 
state. Moreover, some of the acci- 
dental transient phenomena, like short 
circuits in a network, instability of 
the generating machinery, and light- 
ning disturbances on_ transmission 
lines, have become of such outstand- 
ing importance that the layout of 
modern power systems is predom- 
inantly determined by their conditions. 

We consider as transient perform- 


ance the reaction of electric circuits | 


and their associated machines and ap- 


paratus to any nonstationary influ- | 
ence. It does not matter, in principle, | 
whether such perturbation is inten- | 








BECKETT AIR POWER 
DRILL PRESS FEED Taps 
Extruded Holes in 16 Gauge 
Steel with Multiple 

Drill Head! 








NO CLUTCHES! 

NO LEAD SCREW! 

NO TAPPING HEAD! 

NO CHECKING DEVICES! 


JOB DATA FROM: 


Metal Industries, Inc. 
Youngstown, Shio 


JOB: 


Tap two extruded holes in 16 gauge, 
C. R. Steel refrigerator bracket with 
10/32” tap. 


EQUIPMENT: 


Small drill press equipped with multiple 
drill head and BECKETT AIR POWERED 
DRILL PRESS FEED AND TAPPING 
CONTROL. 


PRODUCTION: 


1100 pieces (2200 holes) tapped per 
hour. Class 2 thread. No tap breakage! 


Beckett Air Powered Tapping Feed 
uses only sufficient air pressure to 
move the tap to the work. There is 
no forcing of the tap—tap is its own 
lead. After tap is through the work, 
motor instantly reverses and tap leads 
itself out, without stripping the last 
thread! Tapping depth controlled 
to 0.001”. Tap at the same r.p.m. 
used for drilling the material. 
Many manufacturers are now 
using BECKETT AIR POWERED 
FEEDS on tapping jobs formerly 
done on expensive tapping machines 
—with| fat more and better produc- 
tion at great savings! Get full details 
today. ‘Write for Bulletin No. 20. 


BECKETT-HARCUM CO. 
1141 Wayne Rd. 
WILMINGTON, OHIO 
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Filling an order for metal powder parts is 
never a gamble with us, because we won't 
accept an order until we're sure that we 


can do a good job on it. 

















If we're satisfied that the part is adaptable 
to the powder metallurgy process, and by 
making the part by this process we can help 
the customer to lower his cost and/or im- 


prove his performance, we know that we 


I oe gerne 


can do a good job filling the order. 







Here's the way we determine if your part 


meets our standards: 


ee er ene! 


@ Does the shape permit good die fill 


and correct density ? 


@ Can the required physical properties 


and tolerances be obtained by our 





normal production methods ? 


@ Will the quantity of parts you want 





justify the costs of tooling, set-up, and 


equipment loading? 


If the answer to each question is “Yes” 





. . . we'll accept your order and you can 


be assured of improved quality and or 


a hh a a a at. et 


lowered costs. 


RO METAL POWDg, onl OO a 
DIVISION OF GENERAL MOTORS 
ey NV Ale), mae), |e} 
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} CHLORINE CELL COVER: Previous cement covers deteriorated 
@ rapidly, gave rise to contamination in vorce cell, with consequent 

increased current and maintenance costs. Now made of material 
that combines high strength with superior electrical and chemical resist- 
ance to give longer life, cleaner product. What material ? 


2 BATTERY VENT CAP: Permits gases to escape from auto bat- 
@ tery without letting acids out. Must be low in cost, resistant to 

acids. Should permit high molding rates, easy assembly and cement- 
ing of two halves. What material would you try first? 


Answers: No. 1—Ace Molded Hard Rubber greatly increased life of 
vorce cell covers, may do same for your designs. No. 2—Try Ace Parsan 
(polystyrene) first for any job similar to this Ace-molded ven, cap. 


Yes, sometimes it’s hard rubber, sometimes one of the 
other plastics that’s best. Ace, with many hard rubber 
and plastic compounds to choose from, is fully equipped 
to supply whatever you need, 


Ask for ACE Handbook 




















HARD RUBBER ond PLASTICS 














MERICAN HARD RUBBER COMPANY 








v1 MERCER STREET @© NEW YORK 13, N. Y. 
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tional or accidental, or whether 
transient behavior will lead the sys 
to a new state of regular opera 
or a distorted condition, as often 

nected with excess currents or volta 

The book deals with the tran 
performance of power circuits 
lumped properties. This is an 
larged edition in English of this cl 
German text. The material is arranced 
so that it progresses in all the mai: 
sections from the simpler to the n 
difficult problems. Mathematical ar 
alysis is considered as an auxiliary too! 
and emphasis has been placed on the 
physical understanding of the analysis 
of an example and the ease of dis 
sion of the result rather than on the 
mathematical rigor and generality 
the method of solution. Many nu 
merical examples, taken from actual 
practice, are worked into the tex: 
The numerous oscillograms and meas 
urements throughout may further 
bridge the gap between the theory and 
the practice of transients. 

The book tends to develop a survey 
on the entire field of transients in 
lumped power circuits. The various 
chapters considering different _phe- 
nomena are built up as independently 
as possible, with minimum Citations of 
preceding material. For simplification, 
the equations and figures are numbered 
anew in every chapter. 


High-Frequency Induction 
Heating 


FRANK W. Curtis, Consulting Manu 
facturing Engineer. 389 pages, 54 x 8 
in. Second edition, published by the 
McGraw-Hill Book Co., Inc., 330 W 
{2nd St., New York 18, N.Y. $6 


The purpose of this book is to offe: 
the user of high-frequency induction 
heating equipment basic technical ap 
plication details that will serve 
ready reference in connection with th 
heating of metal parts, such as maj 
be required for hardening, heat-treat 
ing, brazing, soldering, annealing 
stress-relieving, forging, upsetting 
melting. Though the generatior 
high-frequency current is an electrical 
function, putting this current to prac- 
tical use becomes almost entirely 
mechanical. Therefore, other than 
brief references to electrical data char 
acteristic to this type of heatin 
the text is confined to applicatior 
technique. 

Here is a practical explanatior 
the increasingly important techr 
of applying heat in the producti 
metal parts. This up-to-date bool 
plains the fundamental electrical | 
ciples involved in high-frequenc 
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MICROCASTINGS 


Cut Cost 60% 


ELIMINATE POROSITY - MACHINING 





MICROCAST components, as cast, are 
tructurally sound, dimensionally uni- 
form, and cast to such close tolerances 
that little or no machining is needed. 
Intricate shapes such as this can be speci- 
fied in such extremely hard, non-machine- 
able, non-forgeable alloys as stainless 
steel, tool steel, Stellite, and others. Write 


for complete technical information. 
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WRITE FOR FREE MICROCAST MANUAL 
The Microcast Process is graphically described 
in this 16-page booklet. Many applications 
are shown, together with specifications and 


step-by-step explanation. Write today! 


~~ 
— & 
- ™~ x 


Minors M $ 


MICROCAST DIVISION 
AUSTENAL LABORATORIES, INC. 
224 East 39th Street © New York 16, New York 
715 East 69th Place . Chicago 37, Illinois 
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duction heating; defines its range 
scope; describes construction des 
of induction-heating coils; and 
usses in detail many applications 
induction heating to specific hea 
problems—for hardening metal pa 
joining of metal assemblies and simi 
operations. 

This revised second edition inclu 
a comprehensive analysis of coil 
sign and timely new material on fix. 
ture designs. Ty pes of steel best suit d 
to induction hardening, various means 
of quenching, soft solders, brazing al- 
loys, and fluxes are all treated in full 


Properties of Metals at 
Elevated Temperatures 


GeorGce V. SmitH, Research Labora. 

ries, U. §. Steel Corp., Kearney, N. ]. 
101 pages, 6x9 mm. Pu Llished by the 
McGraw-Hill Book Co., 330 W. 42nd 
St., New York, 18, N. Y. $7. 


The fact that our industrial progress 
has been predicated on the metals and 
materials that make up machines is 
true today as ever. For although 
thermodynamic calculations indicate 
high efficiencies and greater possible 
power, the problem remains one of 
finding materials that will operate sat- 
isfactorily under extreme temperatures 
The research work that is being con- 

The lustrous beauty of Nickeloid Pre-finished Metals assures greater ducted on internal combustion en- 
salability. The Nickeloid “short-cut” production method assures lower gines for high-speed aircraft, power 
plant design and nuclear engineering 
is aimed at seeking new developments 
in the materials for high temperature 
- : ; , — , use. This book brings together and 
Nickeloid Metals are available in sheets or coils, in a wide range of correlates the results of research work 


fabricating costs. If you are still taking “the long way ‘round”, let a 
Nickeloid Sales Engineer show you the “short-cut”. 


gauges and tempers, plated one or two sides, bright or satin finishes of that has been carried out on metals at 


Chromium, Nickel, Brass, or Copper, plated to base metals such as Steel, elev ated temperatures during the past 
twenty-five years 

As a comprehensive summary of the 
available knowledge on this subject, 


Zinc, Brass, Copper or Aluminum. 


Coe Fite aay 
le 1 


e y. — . . 
Write ” e ' raf | the book should be useful to many en- 
for new “Flow-Chart | gineers and particularly metallurgists 


showing how Nickeloid Pre-finished Met- _ whose responsibility is that of choos- 


als eliminate costly production opera- |” ee 7 ing metals for elevated temperature 
; service. Most of the material is of a 


metallurgical nature. There are chap- 
ters on: Plastic deformation of single 
crystals and polycrystalline metals; 
creep of polycrystalline metals ; theories 
of flow and fracture; and effect 
chemical composition on creep. 
Design engineers should find 


Established (398 chapters on effects of varying tem- 


perature and load, changes during ser 


SAETALS AM E ee ! CA N ice and working stresses of partic 


interest. 


a N I Cc K t LO : D The Appendix discusses the sut 
NICKEL > CHROMIUM > BRASS - COPPER alloys that are available in this co 
Electra - plated 10 ait COMMON Base meTas try and Great Britain. There is a \ 


a COMPANY complete bibliogtaphy of 547 1 


ences for those who might be 1 


7 
AND Larcts* ; PERU 4, ILLINOIS ested in further study of the sub 


Propuct ENGINEERING — SEPTEMBER, 





